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(54) PRESERVATIVE STEEL PLATE HAVING HIGH RESISTANCE WELDABIUTY, CORROSION 
RESISTANCE AND PRESS FORWIABILITY FOR AUTOMOBILE FUEL TANKS 



(57) A coating aluminized steel sheet suitable for 
fuel tanks, which comprises (a) a steel sheet, (b) an alu- 
minized -plating layer formed on one or both sides of the 
steel sheet and based on aluminum or an aluminum 
alloy containing 2-15 wt% silicon, and (c) a coating layer 
formed on at least one of the aluminizing layers and 
selected from the group consisting of i) a resin chromate 
film having a film thickness of 0. 1 -2 jim and containing a 
resin and a chromic acid compound, with the 
resin/metal chromium weight ratio in the range of 0.5- 
18, ii) an inorganic-based chromate film with the coating 
layer formed to 10-200 mg/m 2 in terms of metallic chro- 
mium, which comprises 100 parts by weight of a chro- 
mic acid compound in terms of metallic chromium and 
100-1000 parts by weight of colloidal silica, and further 
comprises any one or more of 100-600 parts by weight 
of a phosphoric acid compound, 1 0-200 parts by weight 
of a phosphonic acid or phosphonic acid salt compound 
and less than 50 parts by weight of a resin, and iii) an 
inorganic-based chromate film with a coating amount of 
at least 10 mg/m 2 and less than 35 mg/m 2 in terms of 



metallic chromium. There are provided automobile fuel 
tanks with excellent durability, forming formability and 
weldability, and a seam welding process for fuel tanks. 
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TEST MATERIAL 



• INORGANIC CHROMATE 1: COMPARATIVE EXAMPLE I SOLUTION, 
AMOUNT OF PLATING (Cr CONTENT ): 20 mg/m 1 

• INORGANIC CHROMATE 2 © : COMPARATIVE EXAMPLE I 
SOLUTION, AMOUNT OF PLATING (Cr CONTENT): 150 rag/m* 

■ INORGANIC CHROMATE 2 © : COMPARATIVE EXAMPLE I 
SOLUTION, AMOUNT OF PLATING (Cr CONTENT >: ISO mg/m' 

■ COMPOSITE CHROMATE 1: EXAMPLE C SOLUTION, AMOUNT 07 PLATING (Cr 
CONTENT): 30 mg/n' 

■ COM POSIT E CHROMATE 2: EXAMPLE E SOLUTION, AMOUNT OF PLATING (Cr 
CONTENT): 120 mg/m* 
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Description 

Technical Field 

5 [0001 ] The present invention relates to a rustproof steel sheet for automobile fuel tanks which has excellent resistance 
wettability, corrosion resistance and press formability. The invention further relates to an automobile fuel tank with 
excellent corrosion resistance and to a seam welding process for automobile fuel tanks. 

Background Art 

10 

[0002] Automobile fuel tanks usually have a final design which is in conformity with the design of automobile bodies, 
and their shapes therefore tend to be very complicated. Their structure includes, as shown in Fig. 1 , a fuel supply open- 
ing 3, a fuel supply pump (not shown), a fuel hose 4, the fuel hose 4 serving to return excess fuel 6. separators 5 to 
prevent the sound of fuel waves, etc. The fuel tank body 1 consists of a pair of bowl-shaped molds formed into an inte- 

is gral whole by seam-welding the flange members 2. Each of the parts are bonded by spot welding, soldering or brazing. 
[0003] This fuel tank is an important member of the automobile from a safety standpoint, and it is required to possess 
the features of sufficient corrosion resistance against fuel, leakproofness and impermeability to fuel, and also low 
fatigue after forming and resistance to cracking by impacts. The corrosion resistance is of course to eliminate the con- 
cern of corrosion holes, but it is also important in terms of preventing production of abundant corrosion products which 

20 lead to clogging of the filter at the inlet of the fuel pump in the fuel tank. 

[0004] Various modifications have been made in the materials, manufacture and manufacturing processes to obtain 
fuel tanks with such properties. As a result of modifications in the materials, it has become common to employ fuel tanks 
made of Pb-Sn plated steel sheets which have sufficient corrosion resistance against fuel, low generation of corrosion 
products and easier welding and soldering suitability for better production efficiency (Japanese Examined Patent Pub- 

25 lication No. 57-61833). However, Pb is a metal which is detrimental to the environment, as is well known. Also, while 
Pb-Sn plated steel sheets are well suited for soldering and brazing as mentioned above, the soldering component is an 
Sn-Pb system which of course contains Pb. Consequently, with recent demands for fuel tanks which employ absolutely 
no Pb. fuel tanks made of Al-Si based alloy plated (hereunder. "aluminized") steel sheets have become a focus of study 
as candidate substitutes. 

30 [0005] Aluminized steel sheets are one type of material which utilize no Pb and have satisfactory corrosion resistance 
and workability. Aluminizing forms a stable oxide film on the surface, and therefore provides satisfactory corrosion 
resistance against not only gasoline but also alcohol and organic acids produced by degradation of gasoline. However, 
several problems arise when aluminized steel sheets are used as fuel tank materials. One of these is workability, and 
aluminized steel sheets (especially hot dip aluminized steel sheets) are susceptible to plating layer peel and plating 

35 layer cracks originating from sections of very hard Fe-AI-Si intermetallic compounds (hereunder referred to as the "alloy 
layer") produced at the interface between the coated layer and the steel sheet. The present inventors have dealt with 
this issue in Japanese Patent Application No. 7-3291 93, disclosing that it can be overcome by adjusting the cooling rate 
and reheating after plating. Another problem is weldability. Specifically, although aluminized steel sheets are suitable for 
resistance welding such as spot welding and seam welding, the coated Al metal has high affinity for Cu which is usually 

40 used as the electrode, and forms brittle Al-Cu or Al-Cu-Fe alloys on the electrode surface during welding, thus resulting 
in the problem of gradual loss during continuous operation and early welding defects. 

[0006] Aluminized steel sheets have been conventionally used after being subjected to chromate treatment, mainly 
with chromic acid and silica, for the purpose of improving corrosion resistance, and disclosed instances thereof include 
Japanese Examined Patent Publication No. 4-68399, Japanese Unexamined Patent Publication No. 58-6976, Japa- 

45 nese Unexamined Patent Publication No. 58-48679 and Japanese Unexamined Patent Publication No. 60-56072. All of 
these methods, however, contribute little to improvement in continuous operation because the reactions with the elec- 
trode are virtually the same as with untreated materials. The process of Japanese Examined Patent Publication No. 4- 
68399 is characterized by forming the coating to 35-70 mg/m 2 in terms of Cr, but although corrosion resistance of the 
fuel tank is achieved with this amount of coating, there is a disadvantage for spot welding and seam welding, in that the 

so Al in the plating layer tends to form alloys with the electrode Cu as with untreated materials; so that the electrode tip 
becomes alloyed during continuous operation thus shortening the life of the electrode. In addition, if the brazing material 
is not carefully selected, the wettability of the brazing material will be lower resulting in the problem of a more difficult 
brazing operation, and tanks with brazed pipes, etc. wiO be difficult to manufacture. Japanese Unexamined Patent Pub- 
lications No. 58-6976 and No. 58-48679 disclose processes characterized by the amount of chromate coating of 5-40 

55 mg/m 2 in terms of Cr and organic silicon water repellent treatment, but in addition to the same problems with resistance 
welding as Japanese Examined Patent Publication No. 4-68399, the corrosion resistance for fuel tanks is poor at less 
than 10 mg/m 2 even with organic silicon water repellents, and the corrosion resistance against organic acids produced 
by degradation of gasoline fuel is insufficient. Also, as in Japanese Examined Patent Publication No. 4-68399. despite 
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the improved corrosion resistance at 35 mg/m 2 and greater, failure to carefully select the brazing material will result in 
a lower wettability of the brazing material, thus complicating the brazing operation. Another disadvantage is that in spot 
welding and seam welding, the Al in the plating layer tends to form alloys with the electrode Cu as with untreated mate- 
rials, so that the electrode tip becomes alloyed during continuous operation thus shortening the life of the electrode. The 
5 process in Japanese Unexamined Patent Publication No. 60-56072 is characterized by the amount of chromate coating 
of less than 10 mg/m 2 and thus its drawback is that it cannot provide the weldability or the corrosion resistance required 
for fuel tanks. With these conventional techniques, it has been difficult to satisfactorily achieve the resistance weldability, 
continuous operation and corrosion resistance required for production of fuel tanks. 

[0007] It is an object of the present invention to provide an aluminized steel sheet for a fuel tank material, which 
10 improves resistance weldability over rustproof steel sheets for fuel tanks for which conventional aluminized steel sheets 
have not been suitable, as well as satisfactory press formability and corrosion resistance. 

[0008] It is another object of the invention to provide a novel fuel tank which is environmentally friendly by not using 
Pb, and which has excellent corrosion resistance in environments of gasoline and other fuels. 
[0009] It is yet another object of the invention to provide a seam welding process by which it is possible to achieve 
is improved resistance weldability over rustproof steel sheets for fuel tanks for which conventional aluminized steel sheets 
have not been suitable, as well as continuous operation. 

Disclosure of the Invention 

20 [001 0] The present invention provides the following in order to attain the objects described above. 

(1) A coating aluminized steel sheet suitable for fuel tanks, which comprises 

(a) a steel sheet, 

25 (b) an aluminizing layer formed on one or both sides of the steel sheet and based on aluminum or an aluminum 

alloy containing 2-15 wt% silicon, and 

(c) a coating layer formed on at least one of the aluminizing layers and selected from the group consisting of 

i) an organic and inorganic composite chromate film having a film thickness of 0.1-2 jim and containing a 
so resin and a chromic acid compound, with the resin/metal chromium weight ratio in the range of 0.5-18, 

ii) an inorganic-based chromate film A with the coating layer formed to 10-200 mg/m 2 in terms of metallic 
chromium, which comprises 100 parts by weight of chromic acid in terms of metallic chromium and 100- 
1 000 parts by weight of colloidal silica, and further comprises at least one selected from the group consist- 
ing of 100-600 parts by weight of a phosphoric acid compound, 10-200 parts by weight of a phosphonic 

35 acid or phosphonic acid salt compound and less than 50 parts by weight of an organic resin, and 

iii) an inorganic-based chromate film B with a coating amount of at least 1 0 mg/m 2 and less than 35 mg/m 2 
in terms of metallic chromium. 

(2) A coating aluminized steel sheet according to (1) above, wherein the aluminizing layer is formed to 60 g/m 2 or 
40 less. 

(3) A coating aluminized steel sheet according to (1) or (2) above, wherein the composite chromate film further con- 
tains 0.5-20 wt% of a lubricant. 

(4) A coating aluminized steel sheet according to (1), (2) or (3) above, wherein the composite chromate film further 
contains 100-600 parts by weight of a phosphoric acid compound and 100-1000 parts by weight of colloidal silica 

45 with respect to 100 parts by weight of metallic chromium. 

(5) A coating aluminized steel sheet according to (4) above, wherein the composite chromate film further contains 
1 0-200 parts by weight of a phosphonic acid or phosphonic acid salt compound with respect to 1 00 parts by weight 
of metallic chromium. 

(6) A coating aluminized steel sheet according to any of (1) to (5) above, which has the aluminizing layer on both 
so sides of the steel sheet and which has the composite chromate film on the aluminizing layers on both sides. 

(7) A coating aluminized steel sheet according to (1) or (2) above, which has the aluminizing layer on both sides of 
the steel sheet, and which has the inorganic-based chromate film A) on the aluminizing layers on both sides. 

(8) A coating aluminized steel sheet according to any of (1) to (5) above, which has the aluminizing layer on both 
sides of the steel sheet and which has the composite chromate film on the aluminizing layer on one side and an 

55 inorganic-based chromate film C at 200 mgAn 2 in terms of metallic chromium on the aluminizing layer on the other 
side. 

(9) A coating aluminized steel sheet according to (8) above, wherein the inorganic-based chromate film C formed 
on the aluminizing layer further contains at least one selected from the group consisting of phosphoric acid com- 
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pounds, phosphonic acid and phosphonic acid salt compounds, and less than 50 parts by weight of a resin with 
respect to 100 parts by weight of metallic chromium. 

(10) A coating aluminized steel sheet according to (1) or (8) above, which has an inorganic-based chromate film C 
at 1 00 mg/m 2 or less in terms of metallic chromium between the al uminizing layer and the composite chromate film. 
5 (11) A coating aluminized steel sheet according to (10), wherein the inorganic-based chromate film C formed 
between the aluminizing layer and the composite chromate film further contains at least one selected from the 
group consisting of phosphoric acid compounds, phosphonic acid and phosphonic acid salt compounds, and less 
than 10 parts by weight of a resin with respect to 100 parts by weight of metallic chromium. 

(12) A coating aluminized steel sheet according to (1) above, which has the aluminizing layer on both sides of the 
10 steel sheet, and which has the inorganic-based chromate film B formed to 10-35 mg/m, in terms of metallic chro- 
mium on the aluminizing layers on both sides. 

(13) A coating aluminized steel sheet according to any of (1) to (5) above, which has the aluminizing layer on both 
sides of the steel sheet, and which has the composite chromate film on the aluminizing layer on one side and an 
inorganic resin film with a thickness of 0.1-2.0 jim on the aluminizing layer on the other side. 

75 (14) A coating aluminized steel sheet according to (13) above, which has an inorganic-based chromate film C at 
100 mg/m 2 or less in terms of metallic chromium between the aluminizing layer and the composite chromate film 
and/or the organic resin film. 

(15) A coating aluminized steel sheet according to (14), wherein the inorganic-based chromate film C formed on 
the aluminizing layer further contains at least one selected from the group consisting of phosphoric acid com- 

20 pounds, phosphonic acid and phosphonic acid salt compounds, and less than 50 parts by weight of a resin with 
respect to 100 parts by weight of metallic chromium. 

(16) A coating aluminized steel sheet according to (1) above, which has the aluminizing layer on both sides of the 
steel sheet and which has the inorganic-based chromate film B) on the aluminizing layer on one side and an 
organic-based resin film on the aluminizing layer on the other side. 

25 (1 7) A coating aluminized steel sheet according to (1 6), wherein the inorganic-based chromate film B) is formed to 
200 mg/m 2 in terms of metallic chromium. 

(18) A coating aluminized steel sheet according to (17), wherein the inorganic-based chromate film B formed on 
the aluminizing layer further contains at least one selected from the group consisting of phosphoric acid com- 
pounds, phosphonic acid and phosphonic acid salt compounds, and less than 50 parts by weight of a resin with 

30 respect to 100 parts by weight of metallic chromium. 

(19) A coating aluminized steel sheet according to (17) above, which has an inorganic-based chromate film C at 
100 mg/m 2 or less in terms of metallic chromium between the aluminizing layer and the organic resin film. 

(20) A coating aluminized steel sheet according to (19), wherein the inorganic-based chromate film C formed 
between the aluminizing layer and the organic resin film further contains at least one selected from the group con- 

35 sisting of phosphoric acid compounds, phosphonic acid and phosphonic acid salt compounds, and less than 5 
parts by weight of a resin with respect to 100 parts by weight of metallic chromium. 

(21 ) A fuel tank produced with a coating aluminized steel sheet according to any of (1) to (20) above. 
According to the invention, the following are particularly provided as automobile fuel tanks with excellent cor- 
rosion resistance. 

40 (22) An automobile fuel tank wherein a pair of bowl-shaped bodies with flanges are integrated by continuous seam- 
welding of the flange substances, the automobile fuel tank being characterized in that the materials of which the 
bowl-shaped bodies are made are coating aluminized steel sheets which consist of aluminized steel sheets each 
having on one or both sides an aluminizing layer based on aluminum or an aluminum alloy containing 2-13 wt% sil- 
icon, and having a resin coating on the uppermost surface of the inner and/or outer side. 

45 (23) An automobile fuel tank according to (22) above, wherein the resin coating is an organic and inorganic com- 
posite chromate film consisting of a mixture of a resin and a chromic acid compound. 

(24) An automobile fuel tank according to (22) above, wherein the resin coating has a thickness of 0. 1 -2 urn. 

(25) An automobile fuel tank according to (22) above, wherein the coating aluminized steel sheets are coating alu- 
minized steel sheets according to any one of (1) to (20) above. 

so The present invention still further provides the following as seam welding processes for fuel tanks. 

(26) A seam welding process for fuel tanks, in which two coating aluminized steel sheets are combined which are 
aluminized steel sheets each having formed on one or both sides an aluminizing layer based on aluminum or an 
aluminum alloy containing 2-13 wt% silicon and having a resin coating formed on the one or both sides thereof, 
wherein the coating aluminized steel sheets have their aluminizing layer at least on the side corresponding to the 

55 inner side of the fuel tank a resin film is provided on at least one of the steel sheet surfaces at the side where the 
steel sheets meet and/or on at least one of the steel sheet surfaces at the side where it will contact with an elec- 
trode wheel, and the two combined steel sheets are then seam welded between a pair of electrode wheels. 

(27) The process according to (26) above, wherein the resin film contains a chromic acid compound at 10-200 
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mg/m 2 in terms of metallic chromium. 

(28) The process according to (27) above, wherein the resin film has a thickness of 0. 1 -2 jim. 

(29) The process according to (26) above, wherein the resin film formed on the surface of the aluminized steel 
sheet is an organic and inorganic composite chromate film according to (1) above. 

5 (30) The process according to (26) above, wherein the coating aluminized steel sheet is a coating aluminized steel 
sheet according to any one of (1) to (1 1) or (13)-(20) above. 

Brief Description of the Drawings 

10 [0011] 

Fig. 1 shows an overview of the structure of an automobile fuel tank. 

Fig. 2 is a bar graph showing the contact resistance values for an inorganic chromate film according to the prior art 
and an organic and inorganic composite chromate film according to the invention. 
is Fig. 3 is a graph showing stearic acid lubricant additive contents and Bowden friction coefficients, with the black- 
ened state of tape applied to the external side after cylindrical drawing. 
Fig. 4 is a vertical cross-sectional view of the lower part of an automobile fuel tank. 
Figs. 5A-5C are illustrations of seam welding of automobile fuel tanks. 

Fig. 6A is a bar graph showing the contact resistance values for the resin coated materials and untreated materials 
20 shown in Figs. 6B-6D. 

Pest Mode for Carrying Q»t the Invention 

Coated aluminized steel sheet 

25 

[001 2] The coated aluminized steel sheet of the invention is characterized in that on the surface of one or both sides 
of an aluminized steel sheet there is formed i) an organic and inorganic composite chromate film, ii) an inorganic-based 
chromate film A or iii) an inorganic chromate film B. which are explained below, and it is particularly suitable for use in 
automobile fuel tanks. 

30 [0013] The composition of the plated sheet used is not particularly restricted. However, IF steel (ultra low-carbon 
sheet steel) which has excellent workability is preferred only at the sections which require high workability, and B 
(boron) is preferably added to the steel sheet at a few ppm to ensure airtightness and secondary workability after weld- 
ing. 

[001 4] The process for producing the steel sheet may be a common employed one. For example, the steel component 

35 may be modified by conversion-vacuum degassing processing to form an ingot and a steel billet may be produced 
therefrom by continuous founding, etc. and then hot rolled. The conditions for hot rolling or subsequent cold rolling will 
affect the deep drawing properties of the steel sheet. For especially superior deep drawing properties, the heating tem- 
perature during hot rolling should be as low as about 1150°C, the finishing temperature for hot rolling as low as about 
800°C, the coiling temperature as high as 600°C or above, and the cold rolling draft as high as about 80%. 

40 [0015] The reasons for the restrictions on the aluminizing layer will now be explained. The plating layer may be Al 
alone, but Si is preferably added. Regarding the Si content in the plated coating layer, this element is usually added at 
about 10% for the purpose of thinning the alloy layer. As mentioned above, alloy layers produced by hot dip aluminizing 
are extremely hard and brittle and thus tend to form breaking origins, thus also impairing the ductility of the steel sheet 
itself. Even with common alloy layers of about 2-3 ^im, the ductility is reduced by about 3 points. Consequently, a thinner 

45 alloy layer will function more advantageously when worked. If the Si is not added to at least 2% the alloy layer-reducing 
effect will be weaker, and if added to over 15% the effect will be saturated, while the tendency tor Si to act as an elec- 
trochemical cathode will lower the corrosion resistance of the plating layer with the greater Si content For these rea- 
sons, the Si content is limited to 2-15%. The preferred lower limit is 3%, and the preferred upper limit is 13%. 
[001 6] According to the invention, hot dip aluminizing is preferred. 

so [001 7] Furthermore, while a greater plating amount of plating will improve the corrosion resistance, it will reduce the 
plating adhesion and weldability. When applying hot dip aluminized steel sheets as fuel tank materials which require 
different types of welding, it is important to ensure weldability and therefore the maximum amount of plating is 60 g/m 2 
per side. It is preferably no greater than 50 g/m, and more preferably no greater than 40 g/m 2 , per side. There are no 
particular restrictions on the other concfitions for the aluminizing. However, a smaller alloy layer thickness is preferred, 

55 as mentioned above. 

[0018] After-processing which follows the hot dip plating may include zero spangling (minimized spangling) for a uni- 
form outer appearance after hot dip plating, annealing for modification of the plating, and tempered roiling for adjust- 
ment of the surface condition and quality, but according to the invention any process may be applied without any 
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limitation to these. 
(First embodiment) 

5 [001 9] According to a first embodiment of the coating aluminized steel sheet of the invention, an organic and inorganic 
composite chromatefilm (hereunder referred to simply as "composite chromate fflm") is formed on the aluminizing layer 
on one or both sides of the aJuminized steel sheet. 

[0020] Here, an organic and inorganic composite chromate film is a film which is a mixture of an organic resin and an 
inorganic chromic acid compound, and the term encompasses a wide range including films modified by addition of res- 

w ins. which have the basic properties of a resin film but with a chromic acid compound (chromic acid, chromic anhydride, 
chromic acid salt, chromic acid ester, chromic acid ion compound, etc. but especially a chromic acid salt) dispersed in 
a resin matrix, so that properties similar to those of an inorganic-based chromate film are retained. 
[0021] The present inventors have conducted much research on after-processing of aluminized steel sheets with 
excellent weidabifity, formability and corrosion resistance, and as a result we have resolved the aforementioned issue 

is of continuous operation during welding by suitably forming on the surface a film having a chromate film structure which 
comprises an organic and inorganic composite chromate film consisting of an appropriate combination of an inorganic 
component such as a chromic acid compound or silica and an organic component such as a resin, and we have found 
that such products have excellent properties for fuel tanks. 

[0022] As mentioned above, the steel sheet coating metal, Al, readily reacts with the Cu electrode, resulting in the 
20 problem of more rapid electrode loss and poorer continuous operation. Accordingly, there are 2 important objects for 
improved continuous operation: minimizing the electrode loss and increasing the contact resistance value between the 
steel sheets in order to form more efficient nuggets. The present inventors have discovered that an organic and inor- 
ganic composite chromate film can be effectively employed for this purpose, and the present invention has thus been 
completed. 

25 [0023] Although the mechanism is not yet completely understood, it is theorized that there is an effect of Cr in addition 
to the contact resistance increase by mere resin application. The organic resin-rich composite chromate treatment 
employs a chromic acid compound in the form of an aqueous solution, so that Cr is uniformly distributed throughout the 
coating, and this is also believed to contribute to the improved weldability. 

[0024] In other words, a film constructed only with the inorganic components of chromic acid compounds and silica, 
30 having an amount of coating as of conventional chromate treatment as shown in Fig. 3, gives a contact resistance value 
between steel sheets, which is not unlike that of untreated materials, and thus like untreated materials, the plating Al 
and the electrode Cu react during welding so that there is no increase in the usable life of the electrode. Conversely, if 
the amount of coating is increased, a harder and brrttler inorganic film results, and therefore despite the higher contact 
resistance value, local breakage of the film occurs and the contact resistance value varies drastically because of non- 
35 uniformity of weld current passing points between sheet and electrode, so that no reduction in electrode loss can be 
expected. Another problem is that local over-current passing between the sheet and electrode tends to produce explo- 
sion. 

[0025] In contrast, addition of an organic component is believed to increase the tenacity of the film and eliminate local 
breakage of the film and variations in forming the weld current passing point, thus facilitating formation of uniform weld 
40 current passing points between sheet and electrode as compared with films comprising only inorganic components. 
Thus, even though a high contact resistance value between sheets is obtained, the contact resistance value between 
sheet and electrode is uniformly low (Fig. 2), thus providing satisfactory nugget-forming properties and an electrode 
loss minimizing effect. These effects are greatest when both sides are treated, but an effect is still exhibited when one 
side is treated. 

45 [0026] Fig. 2 shows the contact resistance values between upper electrode and sheet, the contact resistance values 
between sheet and sheet and the contact resistance values between sheet and lower electrode for different sample 
steel sheets, and the samples are the following listed in Examples 29-50. 

• Inorganic chromate 1 : Comparative Example I solution, the amount of coating (Cr content): 20 mg/m 2 

so • Inorganic chromate 2 ® : Comparative Example I solution, the amount of coating (Cr content): 1 50 mg/m 2 . 
Inorganic chromate 2 @: Comparative Example I solution, the amount of coating (Cr content): 150 mg/m 2 . 
Composite chromate 1 : Example C solution, the amount of coating (Cr content): 30 mg/m 2 . 

• Composite chromate 2: Example E solution, the amount of coating (Cr content): 120 mg/m 2 . 

55 [0027] With this type of resin-rich chromate film, it is possible to accomplish the treatment with one less step com- 
pared to resin coating treatment after chromate treatment, which is the standard organic coating treatment, and it is 
therefore a more advantageous treatment in terms of cost. In addition, by using a low temperature curable resin, there 
is a further advantage in that no special dry furnace is necessary and treatment is possible with conventional chromate 
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treatment equipment 

[0028] Changes in the composition of this composite chromate film which has excellent wettability in terms of the 
resin/chromium weight ratio after curing will alter the performance of the film. For example, a low resin/chromium ratio 
(weight ratio) will tend to result in poorer wettability since the proper contact resistance value will not be obtained. On 
5 the other hand, a larger resin/chromium ratio will reduce the corrosion resistance and somewhat impair the wettability 
Consequently, the post-curing weight ratio value for the resin/chromium ratio of the composite chromate film for this pur- 
pose is preferred to be about 0.5-18. 

[0029] The chromium or chromic acid compound used according to the invention may be either or both chromic anhy- 
dride or a reduced aqueous chromic acid solution with an adjusted Cr^/Cr 6 * compositional ratio by reaction of an aque- 
10 ous chromic acid solution with a reducing agent. When reduced chromic acid is used, the reducing agent used may be 
starch, a saccharide, alcohol or other organic compound, or hydrazine, hydrophosphorus acid or another inorganic 
compound. 

[0030] Suitable resins which may be used according to the invention include water-soluble organic polymer com- 
pounds, specifically carboxyl-containing anionic polyacrylic acid and polymethacrylic acid and their copolymer com- 

15 pounds, maleic acid copolymer compounds, vinyl acetate copolymer compounds, vinyl carboxylate ester, vinyl ether, 
styrene. acrylamide, acrylonitrile, vinyl halides and other ethylenic unsaturated compounds, polyethylene compounds, 
polyurethane compounds, epoxy resin compounds, polyester compounds, etc. These organic polymer compounds are 
mainly added alone when used, but two or more types may also be added in combination. Among them, emulsion-type 
resins are particularly preferred when conventional chromate equipment is used because they are suitable for low tern- 

20 perature baking. Also, addition of a small amount of a lubricant or antirust pigment to the resin is not contrary to the gist 
of the invention. 

[0031] According to the invention, the composite chromate treatment is carried out by a step following plating. The 
treatment is primarily for the purpose of wettability, but since resin chromates have lubricity, they also have the advan- 
tage of improved workability. While this is the reason for limitation to a composite chromate, the composite chromate 
25 may also contain added silica for the purpose of improving corrosion resistance and phosphoric acid for the purpose of 
reducing the yellowness of the chromate. 

[0032] The thickness of the composite chromate film is restricted to 0. 1 -2 jim. At less than 0. 1 jim it is impossible to 
form a film which is sound in terms of the resin, and with a film of greater than 2.0 jim the resistance value is too high, 
impeding electric conduction between the electrode and the steel sheet or between steel sheet and steel sheet, thus 

30 making welding itself impossible. The composite chromate treatment may involve coating on either or both sides, but 
the ideal film thickness is slightly different depending on whether it is on one or both sides. Since the heat release during 
welding generally depends on the contact resistance between the adjacent steel sheets, composite chromate treatment 
of over 1 .0 jim on both sides will produce a resin chromate film of over 2.0 jim between the steel sheets, thereby imped- 
ing electric conduction between the steel sheets. When coating both sides, therefore, it is preferred for each film to be 

35 1 .0 jim or less, and in the case of one sided coating, it is preferred for the resin sides to be designated as inside and 
outside when combined. 

[0033] For improved uniform coatability of the treatment solution and improved corrosion resistance and coating per- 
formance of the chromate film, the chromate treatment solution of the invention may also contain a phosphoric acid 
compound and/or colloidal silica comprising either or both silica and a silicate. The phosphoric acid compound is added 

40 in a range of 100 parts by weight to 600 parts by weight to 100 parts by weight of Cr in the chromic acid. At less than 
100 parts by weight the effect of its addition will be insufficient, and at greater than 600 parts by weight the chromate 
film will tend to absorb water, thus impairing the corrosion resistance. The colloidal silica comprising either or both silica 
and a silicate is in the range of 100 parts by weight to 1000 parts by weight to 100 parts by weight of Cr in the chromic 
acid. At less than 100 parts by weight the uniform coatability will be impaired, making it difficult to ensure corrosion 

45 resistance and coating performance, while at greater than 1000 parts by weight the effect will be saturated. 

[0034] In order to form a chromate film with more excellent corrosion resistance and coating adhesion, phosphonic 
acid or a phosphonic acid salt compound may also be added to the inorganic and organic composite chromate fflm of 
the invention. The phosphonic acid is preferably added at 10 parts by weight to 200 parts by weight to 100 parts by 
weight of Cr in the chromic acid. If the phosphonic acid is added at less than 1 0 parts by weight, there will be a reduced 

so surface cleansing effect by etching of the phosphonic acid and reduced anticorrosion and coating adhesion effects by 
uniform formation of the film and by its inclusion in the film. The phosphonic acid is preferably not added at greater than 
200 parts by weight because the effect of its addition will be saturated and the stability of the treatment bath will be 
lower. 

[0035] When the composite chromate film is applied on only one side, more satisfactory corrosion resistance can be 
55 ensured by forming on the other side a chromate film containing silica, preferably. The chromate film may be formed by 
a conventional publicly known method, with a amount of coating of from 1 0 mg/hT 2 to 200 mg/m 2 . At less than 1 0 mg/m 2 
satisfactory corrosion resistance cannot be sufficiently obtained for fuel tanks, and at greater than 200 mg/m 2 the effect 
will be saturated. 
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[0036] According to the invention the chromate treatment is carried out in a step following the plating, and the manu- 
facturing process may be application, immersion, spraying or any other publicly known process. 
[0037] According to one preferred mode of the invention for carrying out the first embodiment which employs an 
organic and inorganic composite chromate film, not only the resistance weldability and corrosion resistance but also the 

5 continuous press formability can be improved by adding a prescribed amount of a lubricant to the composite chromate 
film. Also, since it is possible to accomplish the treatment with one less step compared to resin coating treatment after 
inorganic chromate treatment, which is the standard organic coating treatment, it is therefore a superior treatment in 
economic terms. In addition, by using a low temperature curable resin, there is a further advantage in that no special 
dry furnace is necessary and treatment is possible with conventional chromate treatment equipment. 

io [0038] Specifically, a composite chromate film to which a lubricant is added at 0.5-20 wt% is formed to a thickness of 
0. 1 -2 jim on the aluminizing Iayer(s) of one or both sides of the aluminized steel sheet Instead of forming the composite 
chromate film on both sides of the plated steel sheet, an organic and inorganic composite chromate film may be formed 
on one side and an inorganic-based chromate film, organic film or an organic film on an inorganic-based chromate film 
may be formed on the other side. 

15 [0039] The lubricant added for improved press formability is preferably one which disperses and dissolves easily in 
water, since the resin is an aqueous system. Such lubricants include ester-based, brazing material-based, stearic acid- 
based, silicon-based special olef in-based and paraffin brazing material-based lubricants. Based on the experience of 
the present inventors all such lubricants exhibit their corresponding effects, but stearic acid-based lubricants have been 
most effective. 

20 [0040] Fig. 3 is a graph showing the changes in Bowden friction coefficients of films containing different amounts of 
stearic acid-based lubricants (measuring conditions: 10 mm diameter steel ball, 500 g load, average value n=5) and the 
blackened state of tape applied to the external sides of samples after cylindrical drawing with a diameter of 70 mm and 
a depth of 40 mm (see examples for evaluation scale, etc.). An effect was found from a content of 0.5 wt%, and worka- 
bility improved as the lubricant content increased. At over 20 wt%, however, the effect tended to become saturated, 

25 while dispersion and dissolution in the composite chromate solution was hindered so that gelation of the solution 
occurred. Hence, the lubricant is added at 0.5-20 wt%. and preferably 0.5-1 5 wt%. 

[0041] Treatment on the other side of the single-side composite chromate-treated material may be appropriately 
selected (the other side may be left untreated) depending on the need. That is, the inorganic chromate film may be 
formed at sections which do not require strict formability, such as on separator and subtank members used inside the 

30 tank. Sections which require lubrication and weldability, such as the exterior of the tank, may be subjected to organic 
film treatment or organic film treatment on inorganic chromate. Since the tank exterior is given a thick coating in the final 
step, less corrosion resistance is required for the thin-film on the plating. However, it does require coating adhesion, and 
organic film treatment on inorganic chromate will be more stable than a simple organic film layer. The "inorganic chro- 
mate" referred to here may be a coating type, reaction type or electrolytic type. The aforementioned lubricant may also 

35 be added to the organic film. 

[0042] Another preferred mode of the invention, however, is to form the organic and inorganic composite chromate 
film on one side of a steel sheet which is aluminized on both sides, and to form an inorganic-based chromate film C on 
the other side to 200 mg/m 2 or less in terms of Cr, or form an inorganic-based chromate film C to 100 mg/m 2 or less in 
terms of Cr between the composite chromate film and the aluminizing layer. This inorganic-based chromate film C pref- 

40 erably contains a small amount (less than 50 wt%) of either or both an organic phosphoric acid and phosphonic acid or 
a phosphonic acid salt compound. 

[0043] As a result of much research intended to improve the resistance weldability of aluminized steel sheets, the 
present inventors have found that the weldability can be vastly improved by coating the surface of an aluminized steel 
sheet with an oxide film, chromate film, organic resin film or the like. It was found that this effect increases the contact 

45 resistance between steel sheets due to the film, thus accelerating formation of welding nuggets by providing adequate 
heat between the steel sheets even under a low welding current, while also suppressing reaction between the welding 
electrode chips and plating metal because of the film, so that the life of the electrode can be extended. 
[0044] Materials wherein an organic resin film is coated on both sides of the aluminized steel sheet have both sides 
coated with an organic resin, and therefore the treatment cost is greater than by conventional inorganic-based chro- 

so mate treatment, and corresponding treatment equipment (roll coater, electrostatic coating apparatus, etc.) must be pro- 
vided for both sides, ft also requires a dry furnace which allows curing under relatively high temperatures. 
[0045] This mode of the invention was developed with the goal of achieving suitable treatment cost and weldability. 
That is, a composite chromate film comprising a resin and a chromic acid compound is formed to an appropriate thick- 
ness on one side of the steel sheet while on the other side there is formed an inorganic-based chromate film compris- 

55 ing a chromic acid compound and silica or an inorganic-based chromate film containing either or both an organic 
phosphoric acid and a small amount of a resin, or optionally an inorganic chromate film or an inorganic-based chromate 
film containing either or both an organic phosphoric acid and a small amount of a resin is formed between the compos- 
ite chromate film and the plating layer. Development of this treatment was completed after it was found to exhibit corro- 
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sion resistance and other effects at a relatively lower cost than spot welding, seam welding and other types of common 
resistance welding. 

[0046] The composite chromate film exhibits sufficient corrosion resistance under norma! conditions, but for even 
greater corrosion resistance, inorganic-based chromate treatment may be carried out at the interface between the com- 

5 posite chromate film and the plating layer. For example, in cases where deep working defects have been generated in 
the aluminizing layer, since elution of chromic acid in the film is inhibited by the resin, less rustproofness is often exhib- 
ited as compared to inorganic-based chromates, and depending on the environment rust may tend to be generated 
from defect locations. It was found that by accomplishing this treatment it is possible to further improve the anticorrosion 
performance in addition to giving the satisfactory resistance weldability described above. 

10 [0047] In this case, the amount of coating of the inorganic-based chromate film should be 100 mg/m 2 , or less in terms 
of metallic chromium. At greater than 1 00 mg/m 2 the effect of corrosion resistance will be saturated, while the thickness 
of the film including that of the composite chromate film will increase, thus raising the contact resistance value and 
adversely affecting the weldabilfty. 

[0048] While the composition of the inorganic-based chromate film is not particularly restricted, it may be a chromic 
is acid compound/silica mixture solution, and one or more from among phosphoric acid, organic phosphoric acids such 
as phosphonic acid or phosphonic acid salt compounds and resins may also be added. However, rf the organic - phos- 
phoric acid or resin is added in too great an amount the cost burden will increase, and the effect (corrosion resistance 
improvement, etc.) will become saturated. The concentration ratio of the organic phosphoric acid/chromic acid com- 
pound may be £1 , and the concentration ratio of the resin/chromic add compound may be £1 . 

20 

(Second embodiment) 

[0049] According to a second embodiment of the coating aluminized steel sheet of the invention, an inorganic-based 
chromate film A is formed on the aluminizing layer on one or both sides of the aluminized steel sheet, and specifically 
25 an inorganic-based chromate film is formed which comprises 100 parts by weight of the chromic acid compound in 
terms of metallic chromium and 1 00-1 000 parts by weight of colloidal silica, and further comprises at least one selected 
from among 100-600 parts by weight of a phosphoric acid compound, 10-200 parts by weight of a phosphonic acid or 
phosphonic acid salt compound and less than 50 parts by weight of an organic resin. 

[0050] The inorganic-based chromate is a type whose main components are a chromic acid compound and colloidal 
30 silica and which contains phosphoric acid, a phosphonic acid or phosphonic acid salt compound or a small amount of 
a resin, and it can be employed sufficiently in practical use despite its slightly poorer weldability than materials having 
both sides composite chromate-treated, because the treatment can be accomplished at lower cost compared to resin 
applications and composite chromates; they also provide some degree of corrosion resistance, and there is an effect 
which increases the contact resistance value between steel sheets and inhibits reaction between the welding electrode 
35 and plating metal. 

[0051] For the inorganic-based chromate film A according to this embodiment, the chromium or chromic acid com- 
pound, phosphoric acid compound, colloidal silica, phosphonic acid or phosphonic acid salt compound and resin are 
the same as used for the first embodiment 

[0052] The chromate treatment solution for this embodiment may also contain a phosphoric acid compound and/or 

40 colloidal silica comprising either or both silica and a silicate, for more uniform application of the treatment solution and 
improved corrosion resistance and coating performance for the chromate film. The phosphoric acid compound is added 
in the range of 1 00 parts by weight to 600 parts by weight to 1 00 parts by weight of Cr in the chromic acid. At less than 
100 parts by weight the effect of addition will be insufficient, and at greater than 600 parts by weight the chromate film 
will tend to absorb water, thus impairing the corrosion resistance. The colloidal silica comprising either or both silica and 

45 a silicate is added in the range of 1 00 parts by weight to 1 000 parts by weight to 1 00 parts by weight of Cr in the chromic 
acid. At less than 100 parts by weight the uniform coatability will be impaired, making it difficult to ensure corrosion 
resistance and coating performance, while at greater than 1000 parts by weight the effect will be saturated. 
[0053] In order to form a chromate film with more excellent corrosion resistance and coating adhesion, phosphonic 
acid or a phosphonic acid salt compound may also be added to the inorganic-based chromate film of the invention. The 

so phosphonic acid is preferably added at 10 parts by weight to 200 parts by weight to 100 parts by weight of Cr in the 
chromic acid. If the phosphonic acid is added at less than 10 parts by weight there will be a reduced surface cleansing 
effect by etching of the phosphonic add and reduced anticorrosion and coating adhesion effects by uniform formation 
of the film and by its inclusion in the film. The phosphonic acid is preferably not added at greater than 200 parts by 
weight because the effect of its addition will be saturated and the stability of the treatment bath will be lower. 

55 [0054] The thickness of the inorganic-based chromate treatment film A is 200 mg/m 2 or less in terms of metallic chro- 
mium. Satisfactory resistance weldability can be achieved within this range, but more satisfactory resistance weldability 
is achieved between 75 mg/m 2 and 120 mg/rn 2 . If the amount of coating exceeds 200 mg/m 2 , the insulating property 
will increase, thus impairing the weldability. Conversely, if it is too low the effect of inhibiting reaction between the elec- 
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trade and plating will be unstable, and the voidability will tend to be poorer. A chromium amount of coating of 10-200 
mg/m 2 is preferred. 

(Third embodiment) 

5 

[0055] According to a third embodiment of the coating aluminized steel sheet of the invention, an inorganic-based 
chromate film B is formed on the aluminizing layer on one or both sides of the aluminized steel sheet. Here, the inor- 
ganic-based chromate film B is an inorganic-based film composed mainly of a conventional known chromium (chromic 
anhydride), and if necessary including admixture of silica or other additives. 
10 [0056] As a result of much research on aluminized steel sheets with excellent corrosion resistance, formability and 
weldability, the present inventors have achieved development of a steel sheet with excellent properties for fuel tanks by 
treatment of the surface with a suitable amount of an inorganic-based chromate. 

[0057] As a result of further research on properties required for fuel tanks and the details involved in their manufac- 
ture, the present inventors found that it is advantageous to form the inorganic-based chromate film on the surface of the 

75 Al-based plating layer to at least 10 mg/m 2 and less than 35 mg/m 2 , and for use as a fuel tank material, preferably at 
least 20 mg/m 2 and less than 30 mg/m, From the standpoint of corrosion resistance, at less than 10 mg/m 2 the effect 
is insufficient and there are concerns of corrosion from plating layer cracks at worked sections. The plating metal also 
tends to adhere to the electrode during spot welding, thus hindering continuous operation. An amount of coating of 10 
mg/m 2 or greater gives sufficient corrosion resistance and resistance weldability for fuel tanks, but at 20 mg/m 2 or 

20 greater the resistance weldability is even more satisfactory. If the amount of coating is 35 mg/m 2 or greater, however, 
the corrosion resistance is satisfactory but problems result in terms of weldability, such as reduced brazing material wet- 
tability with certain brazing material materials 

[0058] With these considerations, therefore, a lower Cr amount of coating is preferred for brazing properties, and the 
present inventors established an upper limit of less than 35 mg/m 2 , and preferably no greater than 30 mg/m 2 for fuel 
25 tanks. 

[0059] According to the invention, the inorganic-based chromate treatment is carried out in a step following plating, 
but there are no particular restrictions on the composition of the inorganic-based chromate treatment solution. The 
composition of the inorganic-based chromate film may be that of an inorganic-based chromate treatment solution with 
a publicly known composition, and the production process may be any publicly known process, such as immersion, 
30 spraying, electrolysis, application or the like. 

[0060] For this embodiment the aluminizing layer is suitably Al or an Al alloy with 3-1 5% Si. 

Autgrnofrilsfugi t^nk 

35 [0061 ] According to the invention there is provided a fuel tank, especially an automobile fuel tank, produced using the 
aforementioned coating aluminized steel sheet. The fuel tank contains no Pb in light of environmental considerations 
and has the above-mentioned excellent properties of corrosion resistance, press formability and weldability, and it is 
particularly useful as an automobile fuel tank such as an automobile gasoline tank, alcohol fuel tank, etc. 
[0062] According to one aspect of the invention, it is an automobile fuel tank wherein a pair of bowl-shaped bodies 

40 with flanges are integrated by continuous seam-welding of the flange substances, the automobile fuel tank being char- 
acterized in that the materials of which the bowl-shaped bodies are made are coating aluminized steel sheets which 
consist of aluminized steel sheets each having on one or both sides an aluminizing layer based on aluminum or an alu- 
minum alloy containing 2-13 wt% silicon, and having a resin coating on the uppermost surface of the inner and/or outer 
side. 

45 [0063] Specifically, it was found that working of steel sheets produces cracks in the aluminizing layer because of the 
poor lubricity of the aluminized plating surface, and in order to prevent this the aluminizing surface was provided with a 
satisfactorily lubricous resin film which vastly improved the corrosion resistance after working. 
[0064] The automobile fuel tank is formed by forming upper and lower tank members into bowl shapes with flanges 
by pressing or the like, and combining the upper and lower members and seam welding the flange sections. This struc- 

50 ture is not particularly limited, but it is preferably equipped with a fuel supply opening, a fuel supply pump, a fuel hose, 
a fuel hose which returns excess fuel, separators to prevent the sound of fuel waves, etc., as in a normal fuel tank. 
[0065] Fig. 4 is a cross-sectional illustration of the lower part of an automobile fuel tank. This tank is an example 
wherein resin films 12, 13 are formed on the uppermost surfaces of both sides of an aluminized steel sheet 11. The 
resin film 1 2 can provide a lubricating function, especially on the inside, when forming is accomplished by deep drawing 

55 while press forming. 

[0066] The method for bonding the members may be spot welding, soldering or brazing. The difference between sol- 
dering and brazing is not clearly defined, but in this specification brazing will be considered welding with a metal having 
a melting point of 450°C or higher, and soldering the use of a metal with a melting point below that temperature. The 
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major feature of this fuel tank is the material of which the fuel tank is composed, i.e. not only the tank body but also the 
internal separators, supply openings, etc. are made of materials containing substantially no Ph. The conventional fuel 
tank body containing Pb is replaced with an aluminized steel sheet having a resin film on the uppermost surface. The 
soldering and brazing materials may also be aluminum-based materials containing substantially no Pb. 

5 [0087] With conventional naked aluminized steei sheets there has been a concern of drastic reduction in corrosion 
resistance by working, but according to the invention this is solved with a resin film on the uppermost surface layer. This 
is connected with the fact that naked aluminized steel sheets have poor lubricity even when oiled, and cracks are pro- 
duced in the platings, drastically impairing the corrosion resistance; however, formation of a highly lubricous resin fflm 
on the surface succeeded in suppressing cracks in the plating. If the film thickness is too low the film will not cover the 

10 entire surface, and the effect of improved corrosion resistance after press forming will be lessened. A higher film thick- 
ness is advantageous for corrosion resistance after press forming, but if it is too high the welding, soldering or brazing 
becomes more difficult thus hindering the production efficiency of the fuel tanks. 

[0068] The thickness of the resin film according to this aspect of the invention is preferably 0.1 -2 jim after forming. It 
is more preferably 0.3-1 jim. The resin film provides its effect whether it is formed on both sides, on the outer side alone 
is or on the inner side alone. While the effect can be easily imagined if the film is on the inner side, it is believed that there 
is an effect even on the outer side alone, for the following reason. Common press forming is used for forming of the fuel 
tank, and the surface lubricity is a major factor contributing to the press formability. The lubricity of the outer side is a 
particularly important factor here, and therefore even if the film is only on the outer side it is thought to have an effect 
on the inner side as well in the sense of preventing damage to the plating. 
20 [0069] The material for brazing or soldering of the fuel tank may also be, for example, aluminum-based. Soldering or 
brazing of an aluminum surface is usually considered to be difficult because of the stable passive film on the aluminum 
surface, but highly productive joints can be achieved by using appropriate flax. An aluminum-based brazing material 
has a higher melting point than conventional Pb-Sn-based solder, and therefore satisfactory brazing can be accom- 
plished even with a resin film. Ni-based materials can also be used. 
25 [0070] The fuel tank surface has a resin f 3m, but no particular restrictions are placed on the composition and structure 
of the resin film. Examples of suitable systems which may be used for the resin include water-soluble organic polymer 
compounds, specifically carboxyl-containing anionic polyacrylic acid and polymethacrylic acid and their copolymer 
compounds, maleic acid copolymer compounds, vinyl acetate copolymer compounds, vinyl carboxylate ester, vinyl 
ether, styrene, acrylamide. acrylonrtrile, vinyl halides and other ethylenic unsaturated compounds, polyethylene corn- 
so pounds, polyurethane compounds, epoxy resin compounds, polyester compounds, etc. These organic polymer com- 
pounds are mainly added alone when used, but two or more types may also be added in combination. However, the 
resin film used is particularly preferred to be a resin/inorganic composite chromate film. The composite chromate is pre- 
pared by mixing chromic acid with the resin in a chromate treatment solution, for even dispersion of the chromic acid 
compound in the resulting film. The Cr 6 * contained therein elutes during use of the tank, to give stabilized corrosion 
35 resistance. It is especially preferred to use a coating aluminized steel sheet according to the invention having one of the 
types of chromate films described above (organic and inorganic composite chromate film, inorganic-based chromate 
film A, inorganic-based chromate film B). 

[0071] This treatment is also more advantageous in terms of cost as compared to standard resin film treatment involv- 
ing resin coating after chromate treatment since the treatment can be accomplished in a single step. In addition, by 
40 using a low-temperature curable resin, there is a further advantage in that no special dry furnace is necessary and treat- 
ment is possible with conventional chromate treatment equipment. When conventional chromate equipment is used, 
the type of resin used is preferably an emulsion type which can be baked at low temperatures. Furthermore, addition of 
a small amount of a lubricant, antirust pigment or the like to the resin can also enhance the effect. 

45 Welding proc ess for fuel tank 

[0072] As a result of much research on surface treatment and welding processes for aluminized steel sheets with 
excellent resistance weldability and continuous operation suitability, the present inventors have found that the problems 
of welding described above can be solved and vast improvement in continuous operation can be achieved by forming 
so a resin coating layer or a chromate-containing resin coating layer on one or both sides of aluminum-based plated steel 
sheets, and welding the steel sheets by an appropriate method of combination. 

[0073] Specifically, two resin-coated aluminum-based plated steel sheets, each of which has a plating layer compris- 
ing aluminum and unavoidable impurities or comprising 2-13 wt% Si and the remainder aluminum and unavoidable 
impurities formed on one or both sides, as well as a resin coating layer provided on the one or both sides, are combined 
55 and seam welded between a pair of electrode wheels, wherein at least the sides corresponding to the inner side of the 
fuel tank have an aluminum-based plating layer, and a resin coating layer is provided on at least one of the steel sheet 
surfaces at the side where the steel sheets meet and/or on at least one of the steel sheet surfaces atthe side where it 
contacts with the electrode wheel. 
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[0074] As explained above, the steel sheet-coating aluminum reacts readily with the electrode Cu. resulting in the 
problem of more rapid electrode loss and poorer continuous operation. Accordingly, there are two important objects for 
improved continuous operation: minimizing the electrode loss and increasing the contact resistance value between the 
steel sheets in order to form more efficient nuggets. The present inventors have discovered that for this purpose, for- 
5 mation of a resin coating layer on one or both sides of each aluminized steel sheet and welding of the steel sheets by 
a suitable method for combination can effectively ensure satisfactory resistance weldability and improve continuous 
operation, and the present invention has thus been completed. 

[0075] Figs. 5A-5C are illustrations of seam welding of automobile fuel tanks. Fig. 5A is a perspective view, Fig. 5B is 
a lower view of Fig. 5A, and Fig. 5C is a cross-sectional view. In these illustrations, the upper and lower tank members 

w 21 , 22 formed by deep drawing of steel sheets are contacted together toward the inside of the tank at the flange sec- 
tions 23, 24 with the exterior sides of the tank sandwiched between electrode wheels 25, 26 for seam welding, and a 
current flows between the electrode wheels 25, 26 to weld the flange sections (seam welding section 27) while the fuel 
tank is rotated (in direction A) so that the entire flange section perimeter is welded (direction B). 
[0076] In this type of seam welding, the presence of the resin film side between the steel sheets has increased the 

15 contact resistance value between the steel sheets, as shown in Fig. 6A. Consequently, by situating the resin coating 
side between the steel sheets the improved contact resistance value between the steel sheets can provide satisfactory 
nugget formation due to accelerated heating. In addition, when a resin film side is present between the steel sheet and 
electrode, the resistance value is virtually the same as with an untreated material even though one layer of film is 
present between them. Thus, situating a resin coating side between the steel sheet and electrode can provide an effect 

20 of lower electrode loss due to the protecting action of the film. This is attributed to the fact that a more uniform thin layer 
is possible during pressurization since the resin is soft and forms a tough film, so that uniform weld current passing 
points are produced. This function provides an effect whether the resin film is present on at least one of the steel sheet 
surfaces between the combined steel sheets, or whether the resin film is present on the side of the steel sheet contact- 
ing the electrode wheel. The effects are cumulative when the treatment is on both sides, so that the overall effect is 

25 greater. 

[0077] Fig. 6A is a bar graph showing the contact resistance values between upper electrode and sheet the contact 
resistance values between sheet and sheet and the contact resistance values between sheet and lower electrode for 
the different sample steel sheets described below and illustrated in Figs. 6B-6D. In Figs. 6B-6D, 31 and 32 are flange 
sections of aluminized steel sheets, 31a and 32a are resin films on the sides between steel sheets (inner sides), and 
30 31b and 32b are resin films on the sides of the electrode wheels 35, 36 (outer sides). 

Resin coating material ®: Combination of both-side resin coated materials (1 |im epoxy resin) 
Resin coating material @: Combination of one-side coated material (1 \im epoxy resin, steel sheet side) and one- 
side coated material (1 \im epoxy resin, electrode side) 
35 ■ Resin coating material @: Combination of one-side coated material (1 jim epoxy resin, steel sheet side) and 
untreated material 

[0078] The resin coating amount which expresses the effect described above is at a thickness of 0.1 -2 jim. At less 
than 0. 1 fxm its contribution to resistance weldability is insufficient, and at greater than 2 pm the total thickness between 
<o steel sheets when both sides are treated is over 4 urn, resulting in an excessively large contact resistance value and 
poor continuity. 

[0079] The resin used for the invention may be either water-soluble or a solvent system. Examples include water-sol- 
uble organic polymer compounds, specifically carboxyi -containing anionic polyacrylic acid and poiymethacrylic acid 
and their copolymer compounds, maleic acid copolymer compounds, vinyl acetate copolymer compounds, vinyl carbox- 

45 ylate ester, vinyl ether, styrene, acrylamide, acrylonrtrile, vinyl halides and other ethylenic unsaturated compounds, pol- 
yethylene compounds, polyurethane compounds, epoxy resin compounds, polyester compounds, etc. These organic 
polymer compounds are mainly added alone when used, but two or more types may also be added in combination. 
[0080] Also, while an adequate effect is exhibited with a resin film alone, satisfactory resistance weldability can also 
be obtained with satisfactory corrosion resistance by application of a treatment solution in combination with a chromate 

so treatment solution composed mainly of chromic acid, to form an organic and inorganic composite chromate film or the 
above-mentioned inorganic-based chromate film A (resin-added), especially when the resin system is water-soluble. 
[0081] The resin/chromate combination treatment solution may also contain silica or phosphoric acid for enhanced 
corrosion resistance, coating adhesion and uniform coatability. 

[0082] According to the invention, the resin coating layer is formed in a step following plating, and the production proc- 
55 ess may be any publicly known process, such as application, immersion, spraying or the like. 

[0083] The aluminum plating with formation of a resin coating layer may be and is preferred to be as described above. 
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Exqrpple? 

[0084] In the examples which follow, the following performance evaluation methods were employed. 
5 (1 ) Press formability evaluation 
® Cylindrical drawing test A 

[0085] A forming test was carried out with a hydraulic forming tester using a 50-mm diameter cylindrical punch at a 
10 draft of 2.3. The blank holding pressure was 500 kg, and the formability was evaluated according to the following scale 

©: Formable, no plating layer defects 
O : Formable. slight damage to plating layer 
a: Formable, peeling of plating layer 
15 x: Unformable 

® Cylindrical drawing test B 

[0086] A forming test was carried out with a hydraulic forming tester using a 70-mm diameter cylindrical punch at a 
20 draft of 2.3. The blank holding pressure was 1000 kg, and the formability was evaluated based on outer appearance of 
the shaped cylinder and visual judgment of blackening of applied tape. 

(Evaluation scale) 

25 [0087] 

©: Formable, no plating layer defects, no blackening of tape 
O : Formable. no plating layer defects but slight blackening of tape 
a: Formable, some flaws in plating layer, blackening of tape 
30 x: Unformable, peeling of plating layer 

@ Bowden friction coefficient measurement 

[0088] Measured by the Bowden method using a 10 mm0 stainless steel sphere with a load of 500 g. The measure- 
35 ment included scanning 10 times at the same location, and the average value was determined. 

(Evaluation scale) 

[0089] 

40 

©: Friction coefficient £ 0.1 
0 : 0.1 < friction coefficient £ 0.25 
a: 0.25 < friction coefficient £ 0.4 
x: 0.4 < friction coefficient 

45 

(2) Wettability evaluation 
® Spot welding 

so [0090] Spot welding was carried out under the welding conditions described below, and the number of continuous 
weld points to the time at which the nugget diameter cleared 4Vt (t = sheet thickness) was evaluated. For one-sided 
coatings, the evaluation was made with the resin side on the inside and outside when the sheets were combined. 

(Welding conditions) 

55 

[0091] Welding current: 10 kA, pressure force: 220 kg, welding time: 12 cycles, electrode tip diameter: 6 mm0, elec- 
trode shape: dome 
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(Evaluation scale) 
[0092] 

5 ® ex (excellent): 1 500 or more continuous weld points 

© (very good) : 1000-less than 1500 continuous weld points 
O (good): 500-less than 1000 continuous weld points 
a (fair): 250-less than 500 continuous weld points 
x (not good): less than 250 continuous weld points 

10 

@ Seam weldability evaluation 

[0093] An R6 mm-0250 m electrode wheel was used for 1 0 m of seam welding at a welding current of 1 3 kA. a pres- 
sure force of 400 kg and an electrization of 2 on-2 off, after which a test sample was prepared according to JIS-Z-3141 
75 and subjected to a leaking test. Evaluation A was made on the following scale. 

0 : No leaking 
x: Leaking 

20 [0094] Simultaneously with the leaking test, the cross-section weld penetration and contamination of the electrode 
surface were observed for evaluation B on the following scale. 

©: No leaking (satisfactory weld penetration, virtually no contamination of electrode surface) 
O : No leaking (satisfactory weld penetration, little contamination of electrode surface) 
25 a: No leaking (satisfactory weld penetration, much contamination of electrode surface) 

x: Leaking (abundant opened holes or poor weld penetration, much contamination of electrode surface) 

® Brazing evaluation 

30 [0095] The brazing material spread was evaluated according to JIS Z-3191 . A flat sample was toluene<legreased and 
then flax was coated onto the sheet, a fixed amount of brazing material was applied, the sample was heated at a pre- 
scribed temperature for a given time in an heating furnace, and the area of brazing material spread was measured. 

(Test conditions) 

35 

[0096] 

Brazing material: AI-10% Si brazing material (100 mg), flax: chloride/fluoride system (AWS No1), heating temper- 
ature: 590°C, heating time: 30 sec. 

40 

(Evaluation) 
[0097] 

45 @ : Satisfactory spreading 

O • Satisfactory spreading but slight edge sinking 
a: Some spreading with edge sinking and caving 
x: Almost no spreading 

so (3) Corrosion resistance evaluation 

(3) Plated steel sheet test 

[0098] The corrosion resistance against gasoline was evaluated. In the method employed, a test fluid was placed in 
55 a sample with a 20 mm flange, 50 mm diameter and 25 mm depth which had been worked by flat-bottom cylindrical 
drawing with a hydraulic forming tester, and the sample was covered with glass via a silicon rubber ring. The condition 
of corrosion after the test was visually observed. Those materials treated on only one side were tested on their treated 
side. 
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(Test conditions) 
[0099] 

5 Test fluid: gasoline + 1 0% distilled water + 200 ppm formic acid 
Test period: 3 months at 40°C 

(Evaluation scale) 

10 [0100] 

©: No change 

O : White rust of 0. 1% or less 
a: Red rust of 5% or less, or white rust of 0.1%-50% 
is x: Red rust of over 5% and considerable white rust 

® Fuel tank test 

[0101] The corrosion resistance against gasoline was valuated. In the method employed, a shaped fuel tank was kept 
20 at constant temperature while a test fluid was continuously circulated therein. After the test, the condition of corrosion 
of the cut fuel tank was visually observed. 

(Test conditions) 

25 [0102] 

Test fluid: gasoline + 10% distilled water + 200 ppm formic acid 
Test period: 3 months at 40°C 

so (Evaluation scale) 

[0103] 

O : Red ru st of less than 0.1% 
35 a: Red rust of 0. 1 -5%, or white rust present 

x: Red rust of over 5% and considerable white rust 

® Pb elution 

40 [0104] After the above test (3) . the amount of Pb eluted into the test fluid was quantified by a wet method and used 
to evaluate the Pb elution. 

(Evaluation scale) 

45 [0105] 

O : No elution (below detection level) 
x: Elution 

so ® Flaw corrosion 

[01 06] A cross-cut flaw was made in a 70 mm x 1 50 mm piece, and the rust generation was determined by a salt spray 
test. Both the resin chromate treated side and inorganic-based chromate side were evaluated. 

55 
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(Test conditions) 
[0107] 

s Salt spray test: Rate of rust generation after 240 hours 
(Evaluation scale) 
[0108] 

JO 

(Oex: no rust generation) 

O : less than 5% white rust 

a: 5-50% white rust or less than 5% red rust 

x: over 50% white rust or considerable red rust 

75 

(Examples 1-28) 

[0109] Steels having the components listed in Table 1 were prepared as ingots by conversion/vacuum degassing 
processing, and steel samples were subjected to hot rolling and cold rolling under normal conditions to obtain cold- 
20 rolled steel sheets (thickness: 0.8 mm). 



Table 1 



25 



Plating sheet components (wt%) 


Sample 


C 


Si 


Mn 


P 


S 


Ti | 


Al 


B 


N 


A 


0.0012 


0.03 


0.32 


0.007 


0.009 


0.054 


0.04 


0.0003 


0.0033 


B 


0.0020 


0.09 


0.32 


0.008 


0.011 


0.040 


0.04 




0.0032 



30 

[0110] These materials were used for hot dip aluminizing. The hot dip aluminizing was accomplished using a non- 
oxidizing furnace/reducing furnace type line, and annealing was also carried out in this fused plating line. The annealing 
temperature was 800-850°C. After plating, the amount of plating was adjusted by the gas wiping method. Here, the plat- 
ing temperature was 660°C, the plating bath composition was basically AI-2% Fe, and Si was also added. The Fe in the 
35 bath was supplied from plating equipment and strips in the bath. 

[0111] Aluminized steel sheets produced in this manner were subjected to composite chromate treatment with the 
bath of Table 2 as the standard composition. Baths with the same (resin amount + chromic acid amount) in Table 2 but 
with different resins/chromic acid were also used. The film thickness was adjusted with a linger roll, and hot air at 80°C 
was used for drying to complete the film. 

40 



Table 2 



50 



Standard composition of composite 
chromate treatment solution (g/i: in 
terms of pure composition) 




Concentration 


Resin 


120 


Chromic acid 


30 


Phosphoric acid 


60 


Colloidal silica 


10 



55 [01 12] The performance of steel sheets produced in this manner as fuel tanks was evaluated. The evaluation method 
used here was the following, and the plating conditions and performance evaluation results are shown in Tables 3 and 4. 

Press formability: Cylindrical drawing test A 
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Wettability: Spot wettability evaluation 
Corrosion resistance: Plated steel sheet test 

[0113] As shown in Table 4, when the Si content of the plating is too low (Comparative Example 23) the alloy layer 
5 grows too much, resulting in peeling of the plating during working. Conversely, when the Si content is too high (Com- 
parative Example 24), the corrosion resistance is impaired. When the amount of aluminizing layer is too great (Compar- 
ative Example 25) the welding section is inferior. When the film thickness is too small (Comparative Example 26) or too 
large (Comparative Examples 27, 28). satisfactory weldability cannot be obtained. By manufacturing the platings with 
the satisfactory plating composition, the amount of plating and composite chromate conditions, hot dip aluminized steel 
10 sheets with excellent press formability. weldability, outer appearance and corrosion resistance can be obtained. How- 
ever, when the resin/chromium ratio is low or high (Examples 19. 22) the weldability is slightly impaired, and therefore 
the resin/chromium ratio is preferred to be a proper value. 

[0114] Examples 1-23 provide hot dip aluminized steel sheets which have both the corrosion resistance and press 
formability required for automobile fuel tank materials, as well as achieving the weldability which has been a problem in 
is the past, and they are therefore very promising as new fuel tank materials and represent a major contribution to indus- 
try, as a solution to future difficulties involved with using Pb-based materials which have become an environmental 
problem. 
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Table 3 



5 






oricoi 


Ol WJI iicni 

in bath 
(wt%) 


MmOUni OT 

plating of 
one side 
(9/m 2 ) 


oornposu© cnro* 
mate film thick- 
ness (jim) (one or 
each of both sides) 


K/oiAr roc in /tf 

rviajor resin oi 

composite 
chromate film 


nesin/cnro* 
mium ratio 


10 


Invention 
Exs. 


1 


A 


9.4 


30 


both: 0.4 


acryl. acid 
ester 


8.0 






2 


B 


9.4 


30 


both: 0.4 


acryl. acid 
ester 


8.0 


15 




3 


A 


5.2 


30 


both: 0.4 


acryl. acid 
ester 


8.0 






4 


A 


11.4 


30 


both: 0.4 


acryl. acid 
ester 


8.0 


20 




5 


A 


9.4 


30 


both: 0.4 


acryl. acid 
ester 


8.0 




6 


A 


9.4 


30 


both: 0.2 


acryl. acid 
ester 


8.0 


25 




7 


A 


9.4 


30 


both: 0.8 


acryl. acid 
ester 


8.0 




8 


A 


9.4 


30 


both: 1.2 


acryl. acid 
ester 


8.0 


30 




9 


A 


9.4 


30 


one: 0.2 


acryl. acid 
ester 


8.0 




10 


A 


9.4 


30 


one: 0.4 


acryl. acid 
ester 


8.0 






11 


A 


9.4 


30 


one: 0.8 


acryl. acid 
ester 


8.0 


35 




12 


A 


9.4 


30 


one: 1.2 


acryl. acid 
ester 


8.0 






13 


A 

A 


9.4 


30 


one: 1.8 


acryl. acid 
ester 


8.0 


40 




14 


A 


9.4 


30 


both: 0.4 


vinyl carbox- 
yiate ester 


8.0 






15 


A 


9.4 


30 


both: 0.4 


vinyl ether 


8.0 






16 


A 


9.4 


30 


both: 0.4 


styrene 


8.0 


45 




17 


A 


9.4 


30 


both: 0.4 


acrylamide 


8.0 






18 


A 


14.5 


30 


both: 0.4 


epoxy 


8.0 


50 




19 


A 


9.4 


30 


both: 0.4 


acryl. acid 
ester 


1.0 






20 


A 


9.4 


30 


both: 0.4 


acryl. acid 
ester 


4.0 


55 




21 


A 


9.4 


30 


both: 0.4 


acryl. acid 
ester 


12.0 




22 


A 


9.4 


30 


both: 0.4 


acryl. acid 
ester 


18.0 
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Table 3 (continued) 





Ex. No. 


Sheet 


Qi raintpnt 
in bath 
(wt%) 


Amount of 
plating of 
one side 

(g/m 2 ) 


Cornoo^Hfl ehro- 
mate film thick- 
ness (jim) (one or 
each of both sides) 


Maior rA^in of 

IVIClJUl 1 Ooll 1 \Jl 

composite 
chromatefilm 


mium ratio 


Comp. Exs. 


23 


A 


L5 


30 


both: 0.4 


acryl. acid 
ester 


8.0 




24 


A 


16.0 


30 


both: 0.4 


acryl. acid 
ester 


8.0 




25 


A 


9.4 


60. 


both: 0.4 


acryl. acid 
ester 


8.0 




26 


A 


9.4 


30 


both:OQ5 


acryl. acid 
ester 


8.0 




27 


A 


9.4 


30 


both: 2^ 


acryl. acid 
ester 


8.0 




28 


A 


9.4 


30 


one: 2^ 


acryl. acid 
ester 


8.0 


1) Si content was practically identical in bath and in aluminizing layer. 

2) Resin/chromium ratio based on cured weight ratio of resin/chromium; chromium I 

3) Underlined values are outside of range of the invention. 


aased on metallic chromium. 



25 



30 



35 



40 



45 



50 



55 
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Table 4 



5 




No. 


Sheet 


Press formability 


Wettability 


Corrosion resist- 
ance 


Overall 
evaluation 












Spot 


Seam 








Invention Exs. 


1 


A 


O 


\j 


r\ 


O 




10 




2 


B 


O 


r\ 
\j 




o 






3 


A 


O 


r\ 
\J 




o 


© 






4 


A 


O 


n 




o 


© 






5 


A 


O 






0 


o 


15 




6 


A 


o 


o 




o 


© 






7 


A 


o 






o 


@ 






8 


A 


o 




A 


o 


© 


20 




9 


A 


o 


n 


n 


o 


@ 




10 


A 


o 


r\ 
\j 


n 


o 


@ 






11 


A 


o 


r\ 
\J 


o 


o 


® 






12 


A 


o 


r\ 
\J 


r\ 


o 


© 


25 




13 


A 


o 


r\ 
\J 




o. 


© 






14 


A 


o 


r\ 
\J 


o 


0 


© j 






15 


A 


o 


r\ 
\J 




o 


© 


30 




16 


A 


0 


r\ 
\J 


r\ 
\J 


o 


© 




17 


A 


o 


r\ 
U 


r\ 
\J 


0 


© 






18 


A 


A 


r\ 
\J 




A 


o 






19 


A 


o 


A 




o 


o 


35 




20 


A 


o 






0 


© 






21 


A 


o 


o 


o 


o 


© 






22 


A 


0 


A 




A 


A 


40 


Comp. Exs. 


do 


A 


v 
A 


o 


o 


r\ 

\J 


x 






24 


A 


A 


o 


1 o 


X 


X 






25 


A 


A 


X 


X 


o 


X 






25 


A 


o 


X 


X 


A 


X 


45 




27 


A 


o 


X 


X 


0 


X 






28 


A 


o 


X 


X 


o 


X 



* Overall evaluation 

©: Very excellent 

a: somewhat inferior but usable 

O* excellent 

x: unusable 



55 (Examples 29-50) 

[01 1 5] Sheets comprising the components listed in Table 1 were used to fabricate cold-rolled sheets in the same man- 
ner as Example 1, and these were aluminized in the same manner as Example 1. 
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[01 1 6] The aluminized steel sheets thus fabricated were coated with a chromate treatment solution having one of the 
compositions listed in Table 5 to a prescribed the amount of coating using a roll coater or a linger roll after immersion, 
and were then baked and dried with hot air at 150°C. 
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[0117] The suitability of steel sheets fabricated in the manner described above as fuel tanks was evaluated by the 
following method. 

Weldability (J) : Spot wettability evaluation 
Weldability @: Seam weldability evaluation 
Press fbrmability: Cylindrical drawing test A 
Corrosion resistance: Plated steel sheet test 

[01 18] The results are shown in Tables 6 and 7. Tables 6 and 7 show that satisfactory performance was exhibited by 
all of the examples. 

[01 1 9] Examples 29-44 were materials with satisfactory resistance weldability required for automobile fuel tanks and 
also excellent press formability and corrosion resistance, and they are therefore very promising as new fuel tank mate- 
rials and represent a major contribution to industry, as a solution to future difficulties involved with using Pb-based mate- 
rials which have become an environmental problem. 



Table 6 



Performance evaluation results (for treatment on both sides) 





No. 


Sheet 


Treat- 
solution 


Ratio of 

roc in tr\ 

CrH) 
(wt%) 


Amount 

nf C*r in 

oi \j\ in 
Chro- 
matefilm 
(mg/m 2 ) 


Weldability 


Press 
formabil- 
ity 


Corro- 
sion 
resist- 
ance 


Overall 
evalua- 
tion 














Spot 


Seam 








Present 
invention 


29 


A 


solution C 


50 


10 


O 


O 


O 


O 


O 


30 


A 


solution C 


50 


30 


O 


O 


O 


® 


O 




31 


A 


solution C 


50 


72 


® 


O 


O 


® 


® 




32 


A 


solution C 


50 


120 


©ex 


O 


0 


® 


® 




33 


A 


solution C 


50 


135 


©ex 


o 


o 


® 


® 




34 


A 


solution C 


50 


200 


© 


o 


o 


® 


® 




35 


B 


solution C 


50 


75 


© 


o 


0 


® 


® 




36 


A 


solution D 


5 


110 


©ex 


o 


o 


® 


® 




37 


A 


solution E 


200 


80 


©ex 


o 


o 


® 


© 




38 


A 


solution F 


450 


25 


O 


o 


o 


© 


o 




39 


A 


solution G 


300 


75 


© 


o 


o 


® 


© 




40 


A 


solution H 


150 


30 


© 


o 


0 


® 


© 


Comp. 
Exs. 


41 


A 


solution C 


50 


4 


A 


X 


0 


A 


A 


42 


A 


solution C 


50 


250 


A 


X 


o 


® 


A 




43 


A 


solution I 


500 


20 


A 


X 


0 


A 


A 




44 


A 


solution J 


0 


70 


A 


o 


0 


® 


A 



20 



25 



30 



35 



40 



45 



SO 



'Overall evaluation 

@: Very excellent Q : Excellent a: Somewhat inferior but usable x: Unusable 
*1 : Weight ratio of added resin to chromic acid in terms of Cr content. 
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Table 7 



5 




No. 


Sheet 


Treat- 
ment 
solution 

PI) 


Ratio of 
resin to 
Cr (*2) 
(wt%) 


Amount 
of Crin 
chro- 
matefiim 
(mg/m 2 ) 


Wettability 


Press 
formabil- 

•ty 


Corro- 
sion 
resist <- 
>ance 


Overall 
evalution 


10 














Spot 


Seam 










Present 
invention 


45 


A 


solution 
C/solu- 
tion J 


50/0 


25/15 


O 


o 


© 


® 


o 


15 




46 


A 


solution 
C/solu- 
tion J 


50/0 


75/20 


® 


0 


® 


® 


® 


20 






A 


solution 
C/solu- 
tion J 


50/0 


135/100 


® 


o 


® 


® 


® 






48 


A 


solution 
E/solu- 
tion j 


200/0 


85/20 


® 


o 


® 


® 


® 


25 


Cornp. 
Exs. 


49 


A 


solution 
C/solu- 
tion J 


50/0 


4/4 


X 


X 


® 


A 


X 


30 




50 


A 


solution 
C/solu- 
tion J 


50/0 


250/160 


A 


0 


® 


® 


A 



•Overall evaluation 

@: Very excellent Q : Excellent a: Somewhat inferior but usable x: Unusable 

*1: Indicates combination of one side/one side 

*2: Weight ratio of added resin to chromic acid in terms of Cr content. 



(Examples 51-61) 

[01 20] Sheets comprising the components listed in Table 8 were used to fabricate cold-rolled sheets in the same man- 
40 ner as Example 1 , and these were subjected to hot dip aluminizing in the same manner as Example 1 . 



Table 8 



Plated sheet components (wt%) 


Sample 


C 


Si 


Mn 


P 


S 


Ti 


Al 


B 


N 


C 


0.0011 


0.03 


0.31 


0.007 


0.009 


0.056 


0.04 


0.0002 


0.0033 


D 


0.0020 


0.09 


0.32 


0.008 


0.011 


0.040 


0.04 




0.0032 



50 

[0121] The aluminized steel sheets thus fabricated were immersed in a chromate treatment solution comprising 20 
g/l Cr0 3 and 60 g/l Si0 2 . and the amount of coating was adjusted with a linger roll. They were then dried with hot air at 
80°C. 

[0122] The suitability of steel sheets fabricated in the manner described above as fuel tanks was evaluated by the 
55 following method. 

Press formability: Cylindrical drawing test A 
Voidability ® : Spot weldabilrty evaluation 
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Wettability @: Brazing material spread 
Corrosion resistance: Plated steel sheet test 

[01 23] The results are shown in Table 9. As seen in Table 9, when the amount of chromate film is too low satisfactory 
5 Corrosion resistance cannot be obtained and the weldabil'rty is inferior. Conversely, when the amount of coating is too 
high the brazing material wettability is reduced. 

[01 24] The present invention materials have satisfactory corrosion resistance and press formabi lity required for auto- 
mobile fuel tanks and also suitability for a wide range of welding processes, and are therefore very promising as new 
fuel tank materials and represent a major contribution to industry, as a solution to future difficulties involved with using 
10 Pb-based materials which have become an environmental problem. 



Table 9 





Ex. 


Sheet 


Amount of Cr 
in chromate 
film (mg/m 2 ) 


Press form- 
ability 


Weldability 


Corrosion 
resistance 


Overall evalu- 
ation 












Spot 


Brazing 
material 
spread 






Examples 


51 


C 


10 


o 


O 


® 


o 


O 


52 


C 


18 


o 


O 


® 


o 


O 


53 


C 


20 


o 


O 


® 


© 


© 


54 


D 


20 


o 


O 


© 


® 


© 


55 


C 


30 


o 


0 


® 


© 


© 


56 


C 


31 


o 


o 


O 


® 


O 


57 


C 


34 


o 


o 


o 


© 


O 


Comp. Exs. 


58 


C 


35 


o 


o 


A 


© 


A 


59 


C 


40 


o . 


o 


A 


© 


A 


60 


C 


5 


0 


A 




A 


A 


61 


C 


70 


o 


o 


X 


© 


A 



'Overall evaluation 
©: Very excellent 
a: Somewhat inferior but usable 



40 O r Excellent 

x: Unusable 



(Examples 62-90) 

45 [0125] Plating sheets comprising the components listed in Table 8 were used to fabricate cold-rolled sheets in the 
same manner as Example 1 , and these were subjected to hot dip aluminizing in the same manner as Example 1 . 
[0126] Aluminized steel sheets produced in this manner were subjected to composite chromate treatment and inor- 
ganic chromate treatment with the baths of Tables 10 and 1 1 as the standard compositions. The film thicknesses (Cr 
amount of coatings) of both chromate f Oms were adjusted by linger roll, and hot air at 80°C was used for drying to corn- 
so plete the film. 

[0127] The organic film treatment was a baking type commonly employed for epoxy resins, acrylic resins and poly- 
ethylene resins. 
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Table 10 



Lubricant-containing composite chromate 
treatment solution composition 




Composite chromate 
treatment solution con- 
centration 


Resin 


60-180 g/l 


Chromic acid 


5-60 g/l 


Phosphoric acid 


10-60 g/l 


Colloidal silica 


5-20 g/l 


Lubricant 


0.1-50 g/l 



20 



Table 11 



Inorganic chromate treatment solution composition 




Inorganic chromate 
treatment solution con- 
centration 


Chromic acid 


10-100 g/l 


Phosphoric acid (containing organic phosphoric acid) 


0-60 g/l 


Colloidal silica 


15-250 g/l 



[0128] The performance of sleet sheets produced in this manner as fuel tanks was evaluated. The evaluation method 
35 used here was the following. The plating conditions and performance evaluation results are shown in Table 12. 

Press formability ® : Cylindrical drawing test B 

Press formability @: Bowden friction coefficient measurement 

Corrosion resistance: Plated steel sheet test 

40 

[0129] Examples 62-90 provided hot dip aluminized steel sheets with the press formability and corrosion resistance 
required for automobile fuel tanks and also excellent welding properties, and they are therefore very promising as new 
fuel tank materials and represent a major contribution to industry, as a solution to future difficulties involved with using 
Pb-based materials which have become an environmental problem. 

45 



50 



55 



26 



BNSDOCID: <EP 0916746A1J_> 



EP 0 916 746 A1 




27 



BNSDOCID: <EP. 



_0916746A1J_> 



EP 0 916 746 A1 



10 



15 



20 
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side 

treatment 
for one- 
sided 
composite 

films 


















e 
** 

1 

01 
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Sides 
treated 
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Amount 
(wt%) 


o 


O 


o 


o 


m 
d 


o 


o 


O 


lubri 


Type 


not added 


stearic 
acid 


not added 


not added 


stearic 
add 


not added 


I not added | 


not added 


Main resin 


acrylic acid 
ester 


acrylic acid 
ester 


acrylic acid 
ester 


acryMc acid 
ester 


acrylic acid 
ester 


acrylic acid 
ester 


i 


acrylic acid 
ester 


Film 

thickness 
per side 


o 
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0.05 
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0.05 
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(Examples 91-119) 

[01 30] Sheets comprising the components listed in Table 8 were used to fabricate cold-rolled sheets in the same man- 
ner as Example 1 , and these were subjected to hot dip aluminizing in the same manner as Example 1 . 
5 [01 31 ] Aluminized steel sheets produced in this manner were subjected to inorganic-based chromate treatment and 
composite chromate treatment with the bath of Table 1 3 as the standard composition. The amount of chromate film and 
composite chromate film thicknesses were adjusted by linger roll, and hot air at 80°C was used for drying to complete 
each film. 

10 

Table 13 



Compositions of inorganic-based chromate films and resin chromate 
treatment solutions 




Inorganic-based chro- 
mate treatment solution 
concentration 


Composite chromate 
treatment solution con- 
centration 


Resin 




60-180 g/l 


Chromic acid 


15-50 g/l 


5-60 g/l 


Phosphoric acid 


10-30 g/l 


10-60 g/l 


Colloidal silica 


10-200 g/l 


5-20 g/l 



25 [01 32] The performance of steel sheets produced in this manner as fuel tanks was evaluated by the following method. 
The treatment conditions and performance evaluation results are shown in Table 17. 

Press formabilrty: Cylindrical drawing test A 
Weldability: Spot weldability evaluation 
30 Corrosion resistance : Plated steel sheet test 

Corrosion resistance : Flaw corrosion resistance test 

[01 33] As shown in Table 1 4, when the Si content of the plating is too low (Comparative Example 11 3) the alloy layer 
grows too much, resulting in peeling of the plating during working. Conversely, when the Si content is too high (Com- 

35 parative Example 1 14), the corrosion resistance is impaired. When the amount of aluminum plating is too great (Com- 
parative Example 117) the welding section is inferior. When the composite chromate film thickness is too small 
(Comparative Examples 115, 177) or too large (Comparative Examples 116, 119), satisfactory weldability cannot be 
obtained. Satisfactory weldability also cannot be obtained when the inorganic-based chromate film thickness is too 
large (Comparative Example 118). 

40 [01 34] Examples 91-119 provide hot dip aluminized steel sheets which have both the corrosion resistance and press 
formability required for automobile fuel tank materials, as well as achieving improved weldability which has been a prob- 
lem in the past, and they are therefore very promising as new fuel tank materials and represent a major contribution to 
industry, as a solution to future difficulties involved with using Pb-based materials which have become an environmental 
problem. 

45 [0135] Regarding the amount of the composite chromate films in Examples 91-1 19, with a Cr content of less than 10 
mg/m 2 the effect of corrosion resistance is insufficient, raising concerns of corrosion in plating layer cracks during work- 
ing. Also, the plating metal tends to adhere to the electrode during spot welding, thus impairing continuous operation. 
An amount of 10 mg/m 2 or greater gives good corrosion resistance and resistance weldability as a fuel tank, but at 80 
mg/m 2 or greater the resistance weldability is even better. On the other hand, if the amount of coating exceeds 200 

so mg/m 2 the corrosion resistance is satisfactory but the increased resistance value between the steel sheets due to the 
large film thickness results in poor electrization (electric current passing) and local overelectrization, creating problems 
such as poorer continuous operation. The amount of coating is preferably no greater than 140 mg/m 2 . From this view- 
point, therefore, the present inventors determined the range to be from 10 mg/m 2 to 200 mg/m 2 , and more preferably 
from 80 mg/m 2 to 140 mg/m 2 . 

55 
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Table 14 (1) 



5 




Ex No. 


Sheet 


Si content 
of plating 

lavpr ) 
icijrci 

(wt%) 


Amount of 
Al -based 

nla+i nn nor 

)JIClUIiy \JXgi 

side (g/m 2 ) 


(norganic-based chro- 
matefilm side 


Composite chromate film 
side 


10 












Amount 
of chro- 
matefilm 

^niy/rri ) 


Type 


Main resin 




Invention 
Exs. 


91 


C 


9.4 


30 


15 


Cr0 3 - 
SiOo- 
based 


0.4 


acrylic acid ester 


15 


92 


D 


9.4 


30 


15 


0.4 


acrylic acid ester 






93 


C 


5.2 


30 


20 

CM 


0.4 


acrylic acid ester 






94 


C 


11.4 


30 


°n 




0.4 


acrylic add ester 






95 


C 


9.4 


45 


ou 




0.4 


acrylic acid ester 


20 




96 


C 


9.4 


30 


50 


0rO 3 - 
SiOo- 
phos- 
phoric 


0.4 


acrylic acid ester 






97 


C 


9.4 


30 


50 


0.4 


acrylic acid ester 






98 


C 


9.4 


30 


75 


1.2 


acrylic acid ester 


25 




99 


C 


9.4 


30 


120 


acid- 
based 


0.2 


acrylic acid ester 






inn 




Q A 

9.4 


on 


200 


0.4 


acrylic acid ester 






101 




Q A 

9.4 


OA 

30 


50 


Cr0 3 - 
Si0 2 - 
organic 
phos- 


0.8 


acrylic acid ester 






\\J£. 


U 


Q A 

9.4 


OA 

30 


50 


1.2 


acrylic acid ester 


30 




iUo 


r* 

V/ 


9.4 


on 

30 


75 


1.8 


acrylic acid ester 








\* 




OA 

30 


75 


phoric 
acid 
based 


0.4 


vinyl carboxylate 
ester 


35 




105 


c 


9.4 


30 


75 


0.4 


vinyl ether 




106 


c 


9.4 


30 


100 


Cr0 3 - 
Si0 2 - 


0.4 


styrene 






107 


c 


9.4 


30 


100 


0.4 


acrylamide 






108 


c 


14.5 


30 


150 


0.4 


epoxy 


40 




109 


c 


9.4 


65 


15 


Cr0 3 - 
Si0 2 - 

own y ill/ 

resin 


0.4 


acrylic add ester 






110 


c 


9.4 


60 


15 


0.4 


acrylic add ester 






111 


c 


9.4 


70 


5 


0.4 


acrylic acid ester 


45 




112 


c 


9.4 


20 


10 


based 


0.4 


acrylic add ester 


Comp. Exs. 


113 


c 


1.5 


30 






0.4 


acrylic add ester 






114 


c 


16.0 


30 


15 


Cr0 3 - 
Si0 2 - 
based 


0.4 


acrylic acid ester 


50 




115 


c 


9.4 


30 


20 


0.05 


acrylic add ester 






116 


c 


9.4 


30 






2.3 


acrylic add ester 






117 


c 


9.4 


65 


15 


Cros- 
se- 
based 


0.08 


acrylic add ester 






118 


c 


9.4 


30 


250 


0.4 


epoxy 


55 




119 [ 


c 


9.4 


30 


15 




2.3 


acrylic add ester 



1) Plating layer Si content = Si/AkSi (wt%), determined by chemical analysis. 
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Table H (2) 



5 




Ex. No. 


Inorganic-based chromatefilm between 
composite chromate and plating layer 


Combination of 
^tppl ^hppfc for 
welding 2) 


press 
formabilrtv 


Spot weld- 
ability 








Amount of Chro- 
mate film (mg/m 2 ) 


Type 








70 


Invention Exs. 


91 




- 


C 


® 


® 






92 






C 


® 


® 






93 




- 


C 


® 


® 






94 






C 


® 


® 


15 




95 






C 


® 


® 






96 


15 


Cr0 3 -Si0 2 -based 


D 


® 


® 






97 


15 


Cr0 3 -Si0 2 - based 


E 


® 


® 


20 




98 


20 


CrO 3 -Si0 2 -based 


C 


® 


©ex 






99 | 


60 


Cr0 3 -Si0 2 -phos- 
phoric acid-based 


c 


® 


®ex 


25 




mn 


100 


Cr0 3 -Si0 2 organic 
phosphoric acid- 
based 


c 


(5) 


(6) 






101 






c 


® 








102 






c 


® 


® 


30 




103 






c 


® 


©ex 






104 






c 


® 


©ex 






105 






c 


® 


©ex 


35 




106 






c 


® 


©ex 






107 






c 


® 


©ex 






108 






c 


A 


© 






109 






c 


A 


© 


40 




110 






c 


® 


© 






111 






c 


® 


O 






112 






c 


® 


© 


45 


Comp. Exs. 


113 






c 


X 


© 






114 






c 


O 


© 






115 






c 


® 


X 






116 






c 


® 


X 


50 




117 






c 


® 


X 






118 






c 


® 


X 






119 


140 


Cr0 3 -Si0 2 -based 


c 


j ® 


X 



2) Steel sheet combination: 

Composite chromate treated side between steel sheets: C, 
Inorganic-based chromate treated side: D, 

One side composite chromate treated side, other side inorganic chromate treated side: E 
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Table 14(3) 



5 




Ex. No. 


Corrosion resistance 


Raw corrosion resistance 


Overall evalua- 
















tion 








Evaluated 


Evaluated 


Evaluated side: 


Evaluated side: 




10 






ctHo* mmrvK. 

OWD. \*\Jl I IfJUo 

ite chromate 
side 


wo. inor- 
ganic-based 
chromate side 


composite chro- 
mate side 


inorganic- 
based chro- 
mate side 






Invention Exs. 


91 


® 


® 


O 


Oex 


® 






92 


@ 


® 


o 


Oex 


® 


15 




93 


® 


® 


o 


Oex 


® 






94 


® 


® 


o 


Oex 


® 






95 


® 


® 


o 


Oex 


® 


20 




96 


® 


® 


Oex 


Oex 


® 




97 


© 


® 


Oex 


Oex 


© 






98 


® 


® 


o« 


Oex 


® [ 






99 


® 


® 


Oex 


Oex 


© 


25 




100 


® 


® 


Oex 


Oex 


© 






101 


® 


® 


O 


Oex 


© 






102 


® 


® 


O 


Oex 


© 


30 




103 


® 


® 


O 


Oex 


© 






104 


® 


® 


O 


Oex 


© 






105 


® 


® 


O 


Oex 


© 






106 


® 


® 


O 


Oex 


© 


35 




107 


® 


® 


O 


Oex | 


© 






108 


a 


A 


O 


Oex 


O 






109 


® 


® 


O 


Oex 


A 


40 




110 


® 


® 


O 


Oex 


© 






111 


® 


A 


O 


O 


A 






112 


® 


® | 


O 


O 


o 




Comp. Exs. 


113 


® 


A 


O 


A 


x 


45 




114 


X 


X 


O 


A 


X 






115 


X 


© 


X 


Oex 


X 






116 


® 


A 


O 


A 


X 


50 




117 


® i 


® 


a 


o 


X 






118 


® 


® 


o 


Oex 


X 






119 


® 


® 




Oex 


X 



* Overall evaluation 

55 © : vety excellent, Q : excellent, a: somewhat poor but usable x: unusable 
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(Examples 120-141) 

[0136] Actual fuel tanks come in a variety of different shapes, and are not standardized. Thus, several types of differ- 
ently worked fuel tanks were produced using as materials hot dip aluminized steel sheets (thickness: 0.8 mm) with dif- 

5 f erent steel components, plating compositions and resin films, and Pb-Sn alloy-plated steel sheets. The Pb content was 
0.001% as the impurity in the aluminizing layers of the hot dip aluminized steel sheets. The sheet thickness reduction 
was evaluated for quantification of the extent of working. The extent of working was evaluated as the maximum value 
of the sheet thickness reduction calculated upon measuring the sheet thickness at each site before and after forming. 
Spot welding and brazing were used for joining of the details after forming. The steel components of the materials used 

w are listed in Table 1 5, the resin film descriptions in Table 16 and the fuel tank production conditions in Table 1 7. 



Table 15 



Components of plated sheets (wt%) 


Sample 


C 


Si 


Mn 


P 


S 


Ti 


Al 


B 


N 


E 


0.0042 


0.09 


0.30 


0.008 


0.012 


0.03 


0.05 


0.0002 


0.0033 


F 


0.0009 


0.03 


0.32 


0.007 


0.011 


0.03 


0.04 


0.0002 


0.0032 



20 



25 



30 



35 



40 



45 



50 
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Table 17 





Fuel tank production conditions and performance 


5 


Ex. No. 




Material 


Resin side 


Sheet thickness 
reduction % 


Corrosion 
resistance 


Pb elution 


Overall evalua- 
tion 


70 


Invention 


120 


A 


• 


20 
15 


® 


O 
O 


O 










8 


© 


O 








121 


A 




20 


© 


O 


O 






122 


B 




20 


© 


O 


O 


75 




123 


C 




20 


© 


O 


O 






124 


D 




20 


© 


O 


O 






125 


E 




20 


© 


O 


O 


20 




126 


F 




20 


© 


O 


O 




127 


G 




20 


© 


o 


O 






128 


H 




20 


© 


o 


O 






129 


I 




20 


© 


o 


O 


25 




130 


J 




20 


© 


. o 


O 






131 


K 




20 


© 


0 


O 






132 


L 




20 


© 


o 


o 


30 




133 


M 




20 


© 


0 


o 




134 


N 




20 


© 


o 


o 






135 


O 


■ 


20 


© 


0 


o 






136 


P 


■ 


20 


© 


0 


o 


JO 




137 


Q 


inner 


20 


© 


o 


o 






138 


Q 


outer 


20 




o 


o 


40 


Comp. exam- 
ples 


139 


R 




20. 
15 
8 


X 

A 
© 


0 

o 
o 


X 






140 


S 




20 


© 


X 


X 






141 


T 




20 


X 


o 


X 


45 


Overall evaluation: Q : excellent, x: unsuitable 



[0137] The corrosion resistance and Pb elution were evaluated under the following conditions. 



so Weldability (J) - Fuel tank test 
Weldability @ - Pb elution 

[0138J As shown in Table 17, the fud tanks fabricated with aluminizing layers including no resin film had thick chro- 
mate coatings and therefore exhibited some degree of corrosion resistance with minimally worked shapes, but the cor- 
55 rosion resistance was worse with shapes of higher working to a sheet thickness reduction of 15% or greater, such as is 
common with actual fuel tanks (Comparative Example 139). While the corrosion resistance was satisfactory with the 
fuel tank employing a conventionally used Pb-Sn plated steel sheet (Comparative Example 140) and the one employing 
Pb-Sn based solder on an aluminized steel sheet (Comparative Example 1 41), Pb elution was a concern. The corrosion 
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resistance was notably poor with the fuel tank made of a material coated with Zn-Ni chromate. When a material having 
a resin film on an aluminizing layer was formed and an Al-based brazing material material was used, there was no con- 
cern of Pb elution and a fuel tank with excellent corrosion resistance after working was obtained. However, Example 
135 required some change in pressure force and current value for welding, which impeded productivity during welding. 
5 [0139] Examples 120-141 eliminated concerns of Pb contamination of the environment which has become a problem 
recently, and provided fuel tanks with excellent corrosion resistance even under forming into complex shapes. They also 
represent a major contribution to industry as a response to increasing calls for environmental conservation. 

(Examples 142-155) 

10 

[0140] Cold-rolled steel sheets fabricated according to Example 1 using sheets with the composition listed in Table 
1 8 were coated with hot dip aluminizing on both sides in the manner of Example 1 . One of the sides of each aluminized 
material was also subjected to Belder grinding to prepare a one side-coated materia!, 

15 

Table 18 



Plated sheet composition (wt%) 


Sample 


C 


Si 


Mn 


P 


S 


Ti 


Al 


B 


N 


G 


0.0011 


0.03 


0.31 


0.007 


0.009 


0.054 


0.04 


0.0002 


0.0033 



[0141] Each aluminized steel sheet thus fabricated was coated with one of different treatment solutions to a pre- 
scribed amount of coating using a roll coater or a linger roll after immersion, and was then baked and dried with hot air 
25 at 200°C. The seam voidability of these resin-coated aluminized steel sheets was evaluated by the following method. 

Weldability - seam weldabitity evaluation 

[0142] The results are listed in Table 1 9. As seen in Table 19, all of the examples exhibited satisfactory seam welda- 
30 bility. 

[0143] Examples 142-155 provided seam welding methods required for automobile fuel tank materials, and they are 
therefore very promising as new fuel tank materials and represent a major contribution to industry, as a solution to 
future difficulties involved with using Pb-based materials which have become an environmental problem. 
[0144] In examples 1 42-1 55. the chromic acid addition amounts are not particularly restricted but are best at from 1 0 

35 mg/m 2 to 200 mg/m 2 in terms of Cr. At less than 10 mg/m 2 the effect of addition is insufficient, and with an amount of 
10 mg/m 2 or greater the fuel tank has good corrosion resistance and resistance weldability, but the resistance welda- 
bility is even better at greater than 70 mg/m 2 . On the other hand, if the amount of coating is greater than 200 mg/m 2 the 
proportion of inorganic matter in the film increases, and therefore despite satisfactory corrosion resistance there will be 
problems of local overelectrization and reduced continuous operation. The amount of coating is preferred to be no 

40 greater than 1 40 mg/m 2 . From this viewpoint, therefore, the range was determined to be from 10 mg/m 2 to 200 mg/m 2 , 
and more preferably from 80 mg/m 2 to 1 40 mg/m 2 . 
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Claims 

I . A coating aiuminized steel sheet suitable for fuel tanks, which comprises 

5 (a) a steel sheet, 

(b) an aluminizing layer formed on one or both sides of said steel sheet and based on aluminum or an alumi- 
num alloy containing 2-15 wt% silicon, and 

(c) a coating layer formed on at least one of said aluminizing layers and selected from the group consisting of 

10 I) an organic and inorganic composite chromate film having a film thickness of 0. 1 -2 \xm and containing a 

resin and a chromic acid compound, with the resin/metal chromium weight ratio in the range of 0.5-18, 

ii) an inorganic-based chromate film A with the coating layer formed to 10-200 mg/m 2 in terms of metallic 
chromium, which comprises 100 parts by weight of chromic acid in terms of metallic chromium and 25-250 
parts by weight of colloidal silica, and further comprises at least one selected from the group consisting of 

is 1 00-600 parts by weight of a phosphoric acid compound, 1 0-200 parts by weight of a phosphonic acid or 

phosphonic acid salt compound and less than 50 parts by weight of an organic resin, and 

iii) an inorganic-based chromate film B with a coating amount of at least 1 0 mg/m 2 and less than 35 mg/m 2 
in terms of metallic chromium. 

20 2. A coating aiuminized steel sheet according to claim 1 above, wherein said aluminizing layer is formed to 60 g/m 2 
or less. 

3. A Coating aiuminized steel sheet according to claim 1 or 2 above, wherein said composite chromate film further 
contains 0.5-20 wt% of a lubricant. 

25 

4. A coating aiuminized steel sheet according to claim 1 , 2 or 3 above, wherein said composite chromate film further 
contains 100-600 parts by weight of a phosphoric acid compound and 100-1000 parts by weight of colloidal silica 
with respect to 100 parts by weight of metallic chromium. 

30 5. A coating aiuminized steel sheet according to claim 4 above, wherein said composite chromate film further contains 
1 0-200 parts by weight of a phosphonic acid or phosphonic acid salt compound with respect to 1 00 parts by weight 
of metallic chromium. 

6. A coating aiuminized steel sheet according to any one of claims 1 to 5 above, which has said aluminizing layer on 
35 both sides of said steel sheet and which has said composite chromate film on the aluminizing layers on both sides. 

7. A coating aiuminized steel sheet according to claim 1 or 2 above, which has said aluminizing layer on both sides of 
said steel sheet, and which has said inorganic-based chromate film A on said aluminizing layers on both sides. 

40 8. A coating aiuminized steel sheet according to any one of claims 1 to 5 above, which has said aluminizing layer on 
both sides of said steel sheet and which has said composite chromate film on said aluminizing layer on one side 
and an inorganic-based chromate film C at 200 mg/m 2 in terms of metallic chromium on said aluminizing layer on 
the other side. 

45 9. A coating aiuminized steel sheet according to claim 8 above, wherein said inorganic-based chromate film C formed 
on said aluminizing layer further contains at least one selected from the group consisting of phosphoric acid com- 
pounds, phosphonic acid and phosphonic acid salt compounds, and less than 50 parts by weight of a resin with 
respect to 100 parts by weight of metallic chromium. 

so 10. A coating aiuminized steel sheet according to claim 1 or 8 above, which has an inorganic-based chromate film C at 
100 mg/m 2 or less in terms of metallic chromium between said aluminizing layer and said composite chromate film. 

II. A coating aiuminized steel sheet according to claim 10, wherein said inorganic-based chromate film C formed 
between said aluminizing layer and said composite chromate film further contains at least one selected from the 

55 group consisting of phosphoric acid compounds, phosphonic acid and phosphonic acid salt compounds, and less 
than 1 0 parts by weight of a resin with respect to 1 00 parts by weight of metallic chromium. 

12. A coating aiuminized steel sheet according to claim 1 above, which has said aluminizing layer on both sides of said 
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steel sheet, and which has said inorganic-based chromate film B formed to 10-35 mg/m 2 in terms of metallic chro- 
mium on said aluminizing layers on both sides. 

1 3. A coating aluminized steel sheet according to any one of claims 1 to 5 above, which has said aluminizing layer on 
5 both sides of said steel sheet, and which has said composite chromate film on said aluminizing layer on one side 

and an inorganic resin film with a thickness of 0.1-2.0 jim on said aluminizing layer on the other side. 

14. A coating aluminized steel sheet according to claim 13 above, which has an inorganic-based chromate film C at 
100 mg/m 2 or less in terms of metallic chromium between said aluminizing layer and said composite chromate film 

io and/or said organic resin film. 

15. A coating aluminized steel sheet according to claim 14, wherein said inorganic-based chromate film C formed on 
said aluminizing layer further contains at least one selected from the group consisting of phosphoric acid com- 
pounds, phosphonic acid and phosphonic acid salt compounds, and less than 50 parts by weight of a resin with 

75 respect to 1 00 parts by weight of metallic chromium. 

16. A coating aluminized steel sheet according to claim 1 above, which has said aluminizing layer on both sides of said 
steel sheet and which has said inorganic-based chromate film B on said aluminizing layer on one side and an 
organic-based resin film on said aluminizing layer on the other side. 

20 

1 7. A coating aluminized steel sheet according to claim 1 6, wherein said inorganic-based chromate film B is formed to 
200 mg/m 2 in terms of metallic chromium. 

18. A coating aluminized steel sheet according to claim 1 7. wherein said inorganic-based chromate film formed on said 
25 aluminizing layer further contains at least one selected from the group consisting of phosphoric acid compounds. 

phosphonic acid and phosphonic acid salt compounds, and less than 50 parts by weight of a resin with respect to 
100 parts by weight of metallic chromium. 

19. A coating aluminized steel sheet according to claim 17 above, which has an inorganic-based chromate film C at 
30 100 mg/m 2 or less in terms of metallic chromium between said aluminizing layer and said organic resin film. 

20. A coating aluminized steel sheet according to claim 19, wherein said inorganic-based chromate film C formed 
between said aluminizing layer and said organic resin film further contains at least one selected from the group 
consisting of phosphoric acid compounds, phosphonic acid and phosphonic acid salt compounds, and less than 5 

35 parts by weight of a resin with respect to 100 parts by weight of metallic chromium. 

21 . A fuel tank produced with a coating aluminized steel sheet according to any one of claims 1 to 20 above. 

22. An automobile fuel tank wherein a pair of bowl-shaped bodies with flanges are integrated by continuous seam- 
40 welding of the flange substances, the automobile fuel tank being characterized in that the materials of which said 

bowl-shaped bodies are made are coating aluminized steel sheets which consist of aluminized steel sheets each 
having on one or both sides an aluminizing layer based on aluminum or an aluminum alloy containing 2-13 wt% sil- 
icon, and having a resin coating on the uppermost surface of the inner and/or outer side. 

45 23. An automobile fuel tank according to claim 22 above, wherein said resin coating is an organic and inorganic com- 
posite chromate film consisting of a mixture of a resin and a chromic acid compound. 

24. An automobile fuel tank according to claim 22 above, wherein said resin coating has a thickness of 0.1-2 jim. 

so 25. An automobile fuel tank according to claim 22 above, wherein said coating aluminized steel sheets are coating alu- 
minized steel sheets according to any one of claims 1 to 20 above. 

26. A seam welding process for fuel tanks, in which two coating aluminized steel sheets are combined which are alu- 
minized steel sheets each having formed on one or both sides an aluminizing layer based on aluminum or an alu- 
55 minum alloy containing 2-13 wt% silicon and having a resin coating formed on the one or both sides thereof, 
wherein said coating aluminized steel sheets have said aluminizing layer at least on the side corresponding to the 
inner side of the fuel tank, a resin film is provided on at least one of the steel sheet surfaces at the side where the 
steel sheets meet and/or on at least one of the steel sheet surfaces at the side where it contacts with an electrode 
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wheel, and said two combined steel sheets are then seam welded between a pair of electrode wheels. 

27. The process according to claim 26 above, wherein said resin film contains chromic acid at 10-200 mg/m 2 in terms 
of Cr. 

5 

28. The process accorcfing to claim 27 above, wherein said resin film has a thickness of 0.1 -2 urn. 

29. The process according to claim 26 above, wherein said resin film formed on the surface of said aluminized steel 
sheet is an organic/inorganic composite chromate film according to claim 1 above. 

10 

30. The process according to claim 26 above, wherein said coating aluminized steel sheet is a coating aluminized steel 
sheet according to any one of claims 1 to 1 1 or claims 13-20 above. 
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Fig.1 
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Fig. 2 




TEST MATERIAL 



- INORGANIC CHROMATE 1 : COMPARATIVE EXAMPLE I SOLUTION, 
AMOUNT OF PLATING ( Cr CONTENT ): 20 mg/m a 

- INORGANIC CHROMATE 2 Q) : COMPARATIVE EXAMPLE I 
SOLUTION, AMOUNT OF PLATING ( Cr CONTENT): 150 mg/m a 

• INORGANIC CHROMATE 2 © : COMPARATIVE EXAMPLE I 
SOLUTION, AMOUNT OF PLATING ( Cr CONTENT): 150 mg/m a 

- COMPOSITE CHROMATE 1: EXAMPLE C SOLUTION, AMOUNT OF PLATING (Cr 
CONTENT): 30 mg/m 3 

• COMPOSITE CHROMATE 2: EXAMPLE E SOLUTION, AMOUNT OF PLATING (Cr 
CONTENT): 120 mg/m 3 
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Fig. 3 
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* COMPOSITE CHROMATE FILM THICNESS 
1.0 U- (BOTH SIDE TREATMENT) 

* ALMINIUM PLATINEY AMOUNT OF PLATING 
(BOTH SIDES) : 60 g/m 3 
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Fig.5A 




Fig.5B 
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Fig . 5C 
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Fig.6A 



CONTACT RESISTANCE VALUE BETWEEN 
^ UPPER ELECTRODE AND SHEET 
ctti CONTACT RESISTANCE VALUE BETWEEN 
W SHEET AND SHEET 

W mFWFWSP VALUE BETWEEN 



w 

< 
> 

w 

u 

2 

< 
to 

H 
CO 
W 
(X 

^ 

< 

z 

o 
o 



150 




UNTREATED 



RESIN COATING 
MATERIAL Q) 



RESIN COATING RESIN' COATING 
MATERIAL ® MATERIAL © 
TEST MATERIALS 
RESIN COATING MATERIAL® : COMBINATION OF BOTH-SIDE 
RESIN COATED MATERIALS (1 Zi^ EPOXY RESIN) 
RESIN COATING MATERIAL © : COMBINATION OF ONE-SIDE 
COATED MATERIAL ( 1 p. m EPOXY RESIN , STEEL SHEET SIDE) AND 
ONE-SIDE COATED MATERIAL ( 1 [X m EPOXY RESIN, ELECTRODE 
SIDE) 

RESIN COATING MATERIAL ® : COMBINATION OF ONE-SIDE 
COATED MATERIAL ( 1 m EPOXY RESIN, STEEL SHEET SIDE) AND 
UNTREATED MATERIAL' 
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Fig.6B 



Fig ,6C 



Fig .6D 
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Box I Observations where certain daims were fou nd unsearchable (Continuation of Item 1 of first sheet) 
This intern uioaaJ search report has oot been established in reaped of certain claims under Article 17(2X0 for Uk following reasons: 

L Q Claims Nou 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. Q Claims Nos^ 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. Q Claims Nos.: 

because they axe dependent daims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box H Observations where unity of Invention is lacking (Continuation of Item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

{Reasons why the Examiner has concluded that the present invention 
does not satisfy the requirement of unity of invention) 

The matter common to Claims 1-21 is an indispensable 
constituent feature that a steel plate surface has an aluminum 
plating layer and a chromate layer. 

Although the inventions of Claims 22-25 and 26-30 have an 
indispensable constituent feature of using a steel plate having an 
aluminum plating layer and a resin film on the surface thereof, 
a chromate layer is not an indispensable constituent feature. 

Namely, the inventions in Claims 1-21, 22-25 and 26-30 are 



1. fx] As all required additional search fees were timely paid by the applicant, this international search report covers all 




searchable claims. 



2. 



□ 



As all searchable daims could be searched without effort justifying an additional fee, this Authority did not invite 
payment of any additional fee. 



3. 



□ 



As only some of (he required additional search fees were timely paid by the applicant, this international search repon 
covers only those daims for which fees were paid, specifically daims Nos.: 



4. 



□ 



No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the daims; it is covered by daims Nos.: 



Remark on Protest Q The additional search fees wctc accompanied by the applicant's protest 
[y] No protest accompanied (he payment of additional search fees. 
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inventions using steel plates of different indispensable 
constituent features, or different steel plates. 

Since there are no other common matters considered as special 
technical features in the meaning of the second, sentence in .the 
Rule 13.2 of the Regulations under the PCT, the different 
inventions cannot be considered to be technically linked in the 
meaning of the Rule 13 of the Regulations under the PCT. 

After all, it is clear that the inventions in Claims 1-30 do 
not satisfy the requirement of unity of invention. 
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